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...used every day to ease pain and save lives 
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@ CALIBRATED VAPORIZERS for volatile anaesthetic agents. 
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(standard range 0-5%—4-0%). 
TRITEC ... for “Trilene” 
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THE NEW 


POTENT 


ANALEPTIC 


(VANILLIC ACID DIETHYLAMIDE) 
... increases the frequency and 

depth of respiration in seconds 
@ MORE POTENT THAN OTHER ANALEPTICS 


In animal studies, ‘Vandid’ was found to be four times more 
effective than leptazol and fifteen times more effective than 
nikethamide as a respiratory stimulant. (Wein Z. inn. Med., 1952, 1: 16) 


M@ MORE EFFECTIVE IN BARBITURATE OVERDOSAGE 


“... As a respiratory stimulant bemegride has repeatedly failed 
in the deeply comatose patient with high blood barbiturate levels. 
In fact as a respiratory stimulant it would appear to be much 


less effective than the convulsant vanillic acid diethylamide”’. 
(Brit. med. J., 1959, 2 : 1332) 


VANDID IS SAFE. . . DOSAGE 1S SIMPLE... 
Within the recommended dosage range (1-2 ml.) toxic reactions 
are rarely seen. 


BASIC N.H.S. PRICES: ampoules (5% solution) 6x2ml..... 
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THE PHARMACOLOGY OF ANAESTHETIC 
DRUGS 
By JoHN ADRIANI, M.D. Fourth Edition. 
September 1960. 
248 pages. 128 illustrations. 88s. 


THis new fourth edition of Dr. Adriani’s 
classic text includes sections on hypothermia, 
hypotensive anaesthesia, new narcotics, new 
analeptics, new ethers, fluothane, electroen- 
cephalographic changes during anaesthesia, 
muscle relaxants and anticurare drugs, intra- 
venous anaesthesia, tranquillizers, pentothal, 
local anaesthetics, and non-barbituric hypno- 
tics. 


ELECTROENCEPHALOGRAPHY IN 
ANAESTHESIOLOGY 
By A. FAULCONER, Jr, M.D., M.S., and R. G. 
BICKFORD. M.B., CH.B.. M.R.C.P. August 1960. 
100 pages. 35 illustrations. 38s. 


The main body of this new book is devoted 
to a review of the current status of the inter- 
pretation of brain waves during the adminis- 
tration of drugs used by the anaesthetist. For 
each of the principal agents for general anaes- 
thesia a specimen classification of electroen- 
cephalographic changes during increasing doses 
is shown and described in some detail. 
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L.R.C.P., F.F.A.R.C.S., D.A., and P. W, THOMP- 
SON, M.B., B.CHIR., M.R.C.S., L.R.C.P., F.F.A.R.C.S., 

D.A, 1959 
366 pages. 19] illustrations. 47s. 6d. 
“The book will certainly be very widely con- 
sulted, and it is so clearly written and so well 
produced that to consult it is a pleasure.” 
—British Journal of Anaesthesia. 


THE PRINCIPLES AND PRACTICE OF 

OBSTETRIC ANAESTHESIA 

By J. SeEtwWYN CRAWFORD, M.B.,_ CH.B., 
F.F.A.R.C.S., D.A. 1959. 

136 pages. 2 illustrations. 

“No one with the well-being of obstetric 
anaesthesia at heart can afford not to read this 
book. It contains a wealth of useful informa- 
tion, and is above all stimulating in_ its 
approach.”—British Journal of Anaesthesia. 


HYPNOSIS IN ANAESTHESIOLOGY 
By M. J. MARMER, M.D. 1959. 
168 pages. 54s. 
. . Mear masterpiece . . . no anaesthetist 
should miss reading Dr. Marmer’s book.” 
—British Journal of Anaesthesia. 
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Brand of METHYL N-PROPYL ETHER 


The New Inhalation Anaesthetic 


Neothyl! offers many advantages over diethy! ether; it is 
pleasant to the patient, has a short induction time, is more 
potent than ether and recovery is rapid with few post- 


anaesthetic complications 


Moreover, Neothyl does not irritate the respiratory 


epithelium. 


It is particularly recommended for use immediately after 
thiopentone in the sequence thiopentone, nitrous oxide-oxygen 
and ether, to avoid the coughing which occurs when the change 


is made to nitrous oxide-oxygen and ether direct. 
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* A FASCINATING VOLUME 


ESSAYS ON THE FIRST HUNDRED YEARS OF ANAESTHESIA 
by W. STANLEY SYKES, M.B.E., M.A., M.B., B.CHIR., D.A. 


171 pages. 


68 illustrations. 


30s. 


“This collection of essays is a joy to read. Out of a gargantuan mass the author has 
distilled what can only be described as a series of sparkling essays."—The Practitioner. 


* ESTABLISHED BOOKS FOR ANAESTHETISTS 


Lumbar Puncture and Spinal Analgesia 
Second Edition. Sir Robert Macintosh, 
M.A., D.M., F.R.C.S., F.F.A.R.C.S., D.A. 
150 pages. 156 illustrations. 


Local Analgesia: Abdominal Surgery 
Sir Robert Macintosh and R. Bryce- 
Smith, M.A., B.M., B.CH., D.A. 
96 pages. 88 illustrations. 


25s. 


22s. 6d. 


Local Analgesia: Brachial Plexus 
Third Edition. Sir Robert Macintosh and 


W. W. Mushin, MA, B.S., 
F.F.A.R.C.S., D.A. 
64 pages. 39 illustrations. 10s. 6d. 


Local Analgesia: Head and Neck 
Sir Robert Macintosh and Mary Ostlere, 
M.B., CH.B., M.R.C.P., F.F.A.R.C.S., D.A. 


154 illustrations. 27s. 6d. 


144 pages. 
Spinal Epidural Analgesia 


P. R. Bromage, M.D., F.F.A.R.C.S., D.A. 
131 pages. 47 illustrations. 
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Thiopentone and Other Thiobarbiturates 
John W. Dundee, M.D., F.F.A.R.C.S., D.A. 
320 pages. 65 illustrations. 22s. 6d. 
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| SURVEY OF 


Anesthesiology 


Edited by C. Ronatp Srepuen. First published 1957. 


The best of 
current literature 


in brief 


A bimonthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. The logical solution 
to the doctor’s dilemma of more and more literature and 
less and less time in which to read it. 
in 1960. Subscription price Organized under the following headings: Editorial. 
. Pharmacology. Physiology. Biochemistry. Metabolism. 
per yearly volume: $16.00. | Techniques. General Anesthesia. Spinal and Regional 
U.S.; $10.25, Canada; | Anesthesia. Pediatric Anesthesia. Geriatric Anesthesia. 
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announcing 


NARPHEN-- 


PHENAZOCINE (NIH 7519) 


new synthetic analgesic 
more powerful than morphine 


NARPHEN is chemically 2'-hydroxy-5,9-dimethyl-2-phenethyl-6, 
7-benzomorphan; its ‘Approved Name’ is phenazocine. 

NARPHEN is a quick-acting and potent analgesic that is more 
powerful than morphine and pethidine. Early reports 
show that Narphen is from 3 to 10 times more effec- 
tive an analgesic than morphine. 

NARPHEN produces less respiratory depression, less hypotension, 
and less nausea and vomiting than morphine. 

NARPHEN appears to produce addiction more slowly than mor- 
phine and the effects of withdrawal are less intense. 

NARPHEN is available in boxes of 10 and 100 ampoules each 
containing 2 mg. per 1 ml. ampoule. 


NARPHEN is subject to the Dangerous Drugs Regulations 
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combines sedative, anti-emetic and antihistamine actions with a drying effect on secretions. 


a sedative and hypnotic particularly useful on the nights before and after operation, 
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Where temperature vigilance is essential .. . 


ELECTRIC 
THERMOMETERS 


... provide a constant reading 
without disturbing the patient 


With types TR10 and TRR6 con- | 
stant measurements can be made = 
at any convenient position up to 
100 yards from the patients. i 
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on one roll of record- to 15 patients are 
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241 Tottenham Court Road London W.! 


SIEREX LANgham 2464 


Send your copies of the 
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NOTICE TO CONTRIBUTORS 


This Journal is for the publication of original 
work in all branches of anaesthesia, including the 
application of basic sciences. The March and 
September issues deal mainly with material of 
educational value. 


Papers. Papers are accepted on the understand- 
ing that they have not been and will not be 
published in whole or in part in any other journal. 
They are subject to editorial revision. Manuscripts 
should indicate the title of the paper, the name, 
qualifications and full address of the author, and 
be in double-spaced typing on one side only of 
quarto paper with a wide margin. 


Abbreviations, Weights and Measures. Abbre- 
viations should follow the convention adopted by 
the Journal of Physiology. Weights and measures, 
dosages, etc., should be expressed in the metric 


system. 


Tables. All tables should be on separate sheets 
and be capable of interpretation without reference 
to the text. 


Illustrations. Photographs should be un- 
mounted, glossy prints. Drawings, charts and 
graphs should be in black indian ink on white 
paper. All illustrations should be clearly numbered 
with reference to the text on the back and should 
be accompanied by a suitable legend. The name 
of the author and title of the paper should also be 
written on the back of the illustrations. 


References. There should be a table of refer- 
ences at the conclusion of the paper. These 
references should be arranged according to the 
Harvard system and in alphabetical order. 
Abbreviations in the references should be accord- 
ing to the World List of Scientific Publications. 


In the Harvard system, in the text the year of 
publication must follow the author’s name, more 
than one paper in any one year being indicated by 
a small letter (a, b, c) after the date. In the 
references, the order should be: author’s name, 
followed by initials; year of publication in paren- 
theses; title of paper to which reference is made; 
title of publication underlined with a single line 
(to indicate italics) and abbreviated in accordance 
with the World List of Scientific Periodicals; 
volume number in arabic numerals, underlined 
with a wavy line (to indicate bold face); the 
number of the first page in arabic numerals; thus: 
Howell, T. H., Harth, J. A. P., and Dietrich, M. 
(1954). The Use of Chlorpromazine in Geriatrics. 
Practitioner, 173, 172. 


In the case of books, the reference should be as 
follows: name of author and initials; year of 
publication in parentheses; title of the book; 
number of edition; page number; town of origin, 
publisher; e¢.g., Hewer, C. L. (1948). Recent 
Advances in Anaesthesia and Analgesia, 6th ed., 
p. 120, London: Churchill. 


The British Fournal of Anaesthesia should be 
referred to in the references as Brit. ¥. Anaesth. 


Proofs. Proofs will be sent to all contributors. 
These should be corrected and returned to the 
Joint Editors within forty-eight hours. 


Reprints. Twenty-five reprints of articles will 
be dispatched to the authors after publication. 
Further reprints can be supplied if application is 
made when the proofs are returned. 


Copyright. Papers which have been published 
become the property of the Journal and permission 
to republish must be obtained from the Editors. 
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A short time or a long time for muscular relaxation? 
B. W. & Co. provide a product for each need; 


‘A E Cc T E Injection of Succinylcholine Chloride 


The first choice for procedures requiring rapid muscular relaxation of brief 
duration. 


T U A R E Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for prolonged procedures, 
and where profound relaxation is required. 


B.W. & CO. Muscle Relaxants 


BURROUGHS WELLCOME & CO. foundation te) LONDON 
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All enquiries concerning 
ADVERTISING SPACE IN THIS JOURNAL 
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the Advertising Agent 


Mrs. K. BLOMFIELD 
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“1 would have everie man write what he knowes and no more.” —MONTAIGNE 


BRITISH JOURNAL OF ANAESTHESIA 


VOL, XXXII, No. 9 


SEPTEMBER 1960 


EDITORIAL 


THE NEXT OBJECTIVE 


Throughout the country there is a considerable 
number of Assistant Anaesthetists (Senior Hospital 
Medical Officers) who occupy posts which carry 
great responsibility. They review patients before 
operation; confer with the surgeons and at times 
the physicians; carry out difficult and skilled 
anaesthetic administrations and share in the post- 
operative care of their patients. Many of them 
also make a notable contribution to the training 
of junior anaesthetists. The assistant anaesthetists 
are often the backbone of the anaesthetic service 
in their Hospital, but they must recognize that 
without the possession of the Fellowship in the 
Faculty of Anaesthetists in one of the Royal Col- 
leges of Surgeons, their prospects of promo- 
tion to a higher status are virtually non-existent. 
If they feel that they are unlikely to pass the 
necessary examinations, they must bear their 
cross as bravely as they can. 

Happily the Ministry of Health has recognized 
that in certain cases such skilled and valuable 
anaesthetic service should be rewarded. After 
application and consideration many of these Senior 
Hospital Medical Officers have been granted the 
additional allowance of £550 per annum in terms 
of M.D.B. Circular No. 41 issued by the Medical 
Council Committee B of the Whitley Council 
for the Health Services. The results of negotia- 
tions carried out by our advisers have therefore 
been reasonably satisfactory. 

There remains, however, another height to 
scale. Though many of these additional grants 
have been made to s.h.m.o. anaesthetists irres- 
pective of whether or not they possess the 
Fellowship, the posts which they occupy 


have been upgraded to Consultant level and will 
be so advertised when they are vacated. The 
present occupant, acknowledged as doing Con- 
sultant work could resign and reapply for the same 
post, but now on its new level; but those without 
the higher qualification are unlikely to be ap- 
pointed. 

Fortunately a number of these anaesthetists 
who appealed successfully have the Fellowship 
—an outstanding criterion for consideration as a 
Consultant Anaesthetist. It appears therefore that 
our Representatives might again set out upon the 
trail of negotiation with the objective this time 
of obtaining full Consultant status for those 
s.h.m.o.s who have received the additional grant 
and who already possess the highest available 
anaesthetic qualification. 


ANOTHER OBJECTIVE 


For some months we have been trying to issue the 
British Journal of Anaesthesia within the correct 
month. Through various uncontrollable happen- 
ings we have never been able to catch up on the 
lag caused originally by the strike in the printing 
trade. In order, however, to achieve our objective 
before the end of this year we are publishing this 
number instead of the Educational Number, which 
usually comes out in September. We have every 
hope that the October issue will appear in 
October and the Educational issue in November. 
From then on our target will be to have our 
Journal out, as every respectable Journal should 
be, early in each month, although we appreciate 
that it may take a few months to achieve 
this. 
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Brit. ¥. Anaesth. (1960), 32, 396 


I: 


ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED 
WITH ANAESTHESIA 


AN EVALUATION OF A METHOD OF ANALGESIMETRY 
BY 


Joun W. DunDEE AND JAMES Moore 


ANALGESIA is now recognized as one of the essen- 
tials of general anaesthesia, yet comparatively 
little experimental work has been reported on the 
contribution made by drugs used by the anaes- 
thetist to the production of this state. The pro- 
blems associated with the production and 
measurement of experimental pain have been 
discussed at length by Beecher (1957), who out- 
lines nine separate methods. Few of these can be 
applied at frequent intervals and only the mech- 
anical method using pressure as a stimulus seems 
to have any place in the operating theatre. 
Pioneer work on the application of pressure as 
a pain stimulus was carried out by Emanuel Lib- 
man in 1934, His method was somewhat crude as 
it consisted simply in the application of the 
examiner’s thumb to the styloid process. The 
method was improved by Pelner (1941) who, by 
using his “sensometer”, applied graded pressure 
to the thumb until the pain became unbearable. 
The degree of pressure necessary to produce this 
pain is measured on a scale on the sensometer. 
Another method of applying graded pressure to 
produce pain consists of a grater sewn to a blood 
pressure cuff (Hollander, 1939). The cuff is 
applied in the usual way to the patient’s arm and 
inflated until the patient cries out or winces. 
From a perusal of these and other publications, 
it appears that the graded application of pressure 
is a reliable method for the production of experi- 
mental pain and a study of analgesic drugs. How- 
ever, it was felt that none of the above methods 
could be repeatedly applied single-handed to a 
number of patients awaiting surgery, or even dur- 
ing the course of anaesthesia. More recently, 
Clutton-Brock (1957) has described a simplifica- 
tion of this technique in which the pan on the top 
of a household spring balance was replaced by a 
round headed screw. The head of the screw was 
applied with increasing pressure to the anterior 


Department of Anaesthetics, Queen’s University of Belfast, Northern Ireland 
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surface of the tibia until a conscious patient could 
appreciate that a sense of pressure would suddenly 
change to one of pain. When the change occurred, 
the pressure being applied was read off the scale. 
This method has been used to demonstrate the 
cerebral effects of overventilation (Clutton-Brock, 
1957) and the anti-analgesic action of barbiturates 
(Clutton-Brock, 1960). 

This paper is an evaluation of a slight modifica- 
tion of Clutton-Brock’s technique in a large num- 
ber of subjects and its application to a study of 
the analgesic action of pethidine. 


METHOD 


The method consists of the application of gradu- 
ally increasing pressure by a metal disc on the 
anterior surface of the tibia about the junction of 
its lower and middle third. This is achieved by 
the use of an inverted household spring balance 
in which the tray has been replaced by a smooth 
surfaced brass screw. The patient is asked to sig- 
nify the occurrence of two well defined end 
points. 

(a) When pain is first felt. This is referred to 
as the “threshold” reading. 

(b) When pain becomes unbearable, or the leg 
is drawn away voluntarily. This is called 
the “response” reading. 

The readings on the scales (in pounds) at which 
these end points occur are noted and, to avoid 
confusion with other workers who may use a 
similar method but with a different size of disc, 
these have been termed “pain units.” The size of 
the brass disc was found by trial and error so that 
all readings in conscious subjects would fall with- 
in the range of graduations (1-16 lb.) of the 
particular scales being used.* The diameter was 
9.2 mm throughout all these studies. 


* “Inca” brand, Model F. 
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The rate of application of pressure is very 
important and in practice it is aimed to reach the 
7 Ib. reading in about 10 seconds and 14 Ib. in 
about half-a-minute. Early observations detected 
an occasional difference between readings made 
on the two legs of the same subject. For this 
reason only one limb is used throughout any 
given study. 


OBSERVATIONS ON THE METHOD 


It was soon apparent that there was an enormous 
individual variation in control readings in normal 
subjects. The scatter of threshold and response 
readings in 200 female and 100 male patients is 
shown in figure 1. From this, it is obvious that 
each person must serve as his own control in 
assessing the effects of drugs. 


Pua 


Fi. | 
Histogram showing scatter of control threshold and 
response readings in an unselected series of 200 
female and 100 male subjects, 
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Sex differences. 

Figure 1 shows that males, on the whole, gave 
higher control readings than females. The mean 
readings are given in table I and it can be seen 
that the sex difference is statistically a 
The implications of this observation will be 
discussed later. 


Taste I 


Difference between mean initial readings in female and 
male subjects. 


Reading 
Sex 
No. of observations 200 


Mean reading 5.31 


Female Male 


100 
710 
$0.21 


Difference between means 9.13 
P <0,001 


Duplicate readings. 

Where possible, duplicate readings are carried 
out on all occasions and the incidence of devia- 
tion of individual readings from the mean in a 
very large series of patients is shown in table II. 

Taste Il 


Incidence of deviation of mean from two successive readings 
of pain threshold and response. 


Deviation from mean 


Total 


Pain threshold 
Under 4 


198 152 
137 


92% 39% 1% 2% 


This table includes data obtained by the authors 
under a variety of circumstances with a wide 
range of drugs, and the greater number of res- 
ponse readings is due to the inclusion of observa- 


7 
breshold Response 4 
200 100 a 
+010 40.12 
<0.001 
rh 
iss 
iB: 
2 
5 10 9% 9 236 
Ls ay. 
4 7— ee ae: 
59% 36% 4% 1% 1190 
333 Under 7 16 3 69 pe. 
3 | 93 68 14 178 
33: 233 33 124 110 64 21 2 197 
| 


398 


tions made in unconscious patients where no 
threshold reading was possible. From table II it 
can be assumed that a difference of over one unit 
between readings done under different circum- 
stances (e.g. before and after administration of a 
drug) is unlikely to be due to an inherent error in 
the method. When threshold and response read- 
ings are added, differences of up to 2 units are 
not considered to be significant. 
Observer error. 

It is to be expected that differences in the rate 
at which pressure is applied to the leg and diffe- 


rer peri 
discussed at length by Beecher (1957), who out- 
lines nine separate methods. Few of these can be 
applied at frequent intervals and only the mech- 
anical method using pressure as a stimulus seems 
to have any place in the operating theatre. 
Pioneer work on the application of pressure as 
a pain stimulus was carried out by Emanuel Lib- 
man in 1934. His method was somewhat crude as 
it consisted simply in the application of the 
examiner's thumb to the styloid process. The 
method was improved by Pelner (1941) who, by 
using his “sensometer”, applied graded pressure 
to the thumb until the pain became unbearable. 
The degree of pressure necessary to produce this 
pain is measured on a scale on the sensometer. 
Another method of applying graded pressure to 
produce pain consists of a grater sewn to a blood 
pressure cuff (Hollander, 1939). The cuff is 
applied in the usual way to the patient's arm and 
inflated until the patient cries out or winces. 
From a perusal of these and other publications, 
it appears that the graded application of pressure 
is a reliable method for the production of experi- 
mental pain and a study of analgesic drugs. How- 
ever, it was felt that none of the above methods 
could be repeatedly applied single-handed to a 
number of patients awaiting surgery, or even dur- 
ing the course of anaesthesia. More recently, 
Clutton-Brock (1957) has described a simplifica- 
tion of this technique in which the pan on the top 
of a household spring balance was replaced by a 
round headed screw. The head of the screw was 
applied with increasing pressure to the anterior 
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is shown in table III. It can be seen that the scat- 
ter was much more marked with the “untrained” 
observers. The incidence of successive readings 
falling within the accepted range of error, as out- 
lined above, was 87 per cent with the “trained” 
observers and only 56 per cent with the others. 
All observations reported in this and subsequent 
papers in which the method has been employed 
for investigation purposes, were carried out solely 
by the authors, who each have considerable exper- 
ience with its use. 


Hour-to-hour variation 


Ciurton-Brock, 1960). 

This paper is an evaluation of a slight modifica- 
von of Clutron-Brock’s technique in a large num- 
ber of subjects and its application to a study of 
the analgesic action of pethidine. 


METHOD 

The method consists of the application of gradu- 
ally increasing pressure by a metal disc on the 
anterior surface of the tibia about the junction of 
its lower and middle third. This is achieved by 
the use of an inverted household spring balance 
in which the tray has been replaced by a smooth 
surfaced brass screw. The patient is asked to sig- 
nify the occurrence of two well defined end 
points. 

(a) When pain is first felt. This is referred to 
as the “threshold” reading. 

(>) When pain becomes unbearable, or the leg 
is drawn away voluntarily. This is called 
the “response” reading. 

The readings on the scales (in pounds) at which 
these end points occur are noted and, to avoid 
confusion with other workers who may use a 
similar method but with a different size of disc, 
these have been termed “pain units.” The size of 
the brass disc was found by trial and error so that 
all readings in conscious subjects would fall with- 
in the range of graduations (1-16 Ib.) of the 
particular scales being used.* The diameter was 
9.2 mm throughout all these studies. 


* “Inca” brand, Model F 
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Histogram showing scatter of control threshold and 
response readings in an unselected series of 200 
female and 100 male subjects 
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Where possible, duplicate reudings are carried 
out on all occasions and the incidence of devia- 


tion of individual readings from the mean in a 
very large series of patients is shown in table IT. 
Tame 


Iavadence of deviation of mean from two secceuive readings 
of pain threshold and response 


Deviation from mean 


0 ~10 10+ Tew 


Pain threshold e 
Under 4 1% 2 0 
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198 182 16 

137s 2 228 

3 178 
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4 8? 


This table includes data obtained by the authors 
under a varicty of circumstances with a wide 
range of drugs, and the greater number of res- 
ponse readings is due to the inclusion of observa- 
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tions made in unconscious patients where no 
threshold reading was possible. From table II it 
can be assumed that a difference of over one unit 
between readings done under different circum- 
stances (e.g. before and after administration of a 
drug) is unlikely to be due to an inherent error in 
the method. When threshold and response read- 
ings are added, differences of up to 2 units are 
not considered to be significant. 

Observer error. 

It is to be expected that differences in the rate 
at which pressure is applied to the leg and diffe- 
rences in explaining what one requires of the sub- 
ject are likely to affect the accuracy of the method. 
The authors feel that a great amount of practice 
is required before reliable and reproducible 
results can be obtained. 

To assess the importance of this, quadruplicate 
readings were carried out on volunteers by 
“trained” observers (the authors and two other 
colleagues who had much experience with the 
method) and “untrained” personnel who were 
mostly the subjects who volunteered for the 
experiment. The mean difference between the 
first and subsequent readings and between the 
mean of the four readings and individual readings 
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is shown in table III. It can be seen that the scat- 
ter was much more marked with the “untrained” 
observers. The incidence of successive readings 
falling within the accepted range of error, as out- 
lined above, was 87 per cent with the “trained” 
observers and only 56 per cent with the others. 
All observations reported in this and subsequent 
papers in which the method has been employed 
for investigation purposes, were carried out solely 
by the authors, who each have considerable exper- 
ience with its use. 

Hour-to-hour variation 

Readings were done in a number of normal 
persons at intervals of approximately 1 or 2 hours 
when no drugs were being given. The subjects 
were either patients prepared for operation and 
resting in bed or normal volunteers who carried 
on with their everyday work. 

Table IV shows that there was very little varia- 
tion in the readings of normal subjects at intervals 
of approximately 1 and 2 hours. Readings taken 
at hourly intervals on four occasions (table V) 
likewise showed no appreciable alterations. From 
this it can be assumed that the method is of value 
in assessing changes in pain readings due to drugs 
over a period of at least 3 hours. 


Taste Ill 
Scatter of four consecutive readings carried out in volunteers by trained (16 quadruplicate observations) and untrained 
(126 quadruplicate observations) observers. 


Average difference 
from initial reading 


Average difference 
from mean reading 


2 3 


Threshold 
Trained observers 
Untrained observers 
Response 
Trained observers 


Untrained observers 1.54 


0.44 
0.79 


0.94 


Average pain readings at intervals of 1 and 2 hours in normal subjects. 


Threshold and 


Time between 


readings Reading 


No of cases 


Threshold response 


45—75 min 93 Initial average 


Second average 


Coefficient of variation 


Coefficient of variation 


6.24 +0.21 
30.4% 
6.36 +0.22 

33.4% 


15.42 4.0.48 
30.3% 


15.72+0.44 
26.9%, 


105—135 min Initial average 


Second average 


Coefficient of variation 


Coefficient of variation 


6.25 +.0.26 
32.5% 

6.17 +.0.26 
31.9% 


9.174.0.39 15.49+0.61 
32.6% 30.4% 

9.10 +-0.38 15.32+-0.59 
32.0% 29.8% 


eke 
2 3 4 4 | 
0.66 0.79 0.70 0.38 0.41 0.36 
1.20 1.47 1.21 0.95 0.76 0.84 ae 
0.79 0.82 0.71 0.68 0.52 0.47 0.44 aie 
1.25 0.85 0.91 —_ 0.87 ae 
TABLE IV 
aie 
9.17 +0.30 
34.7% 
9.34 +0.30 
31.1% 
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TABLE V 


Variations in pain readings taken at approximately 1 hourly intervals in 29 subjects. 


Time in minutes 


Reading 0 


Threshold 


Average 5.96 +.0.39 

Coefficient of variation 34.5% 
Response 

Average 8.75+0.61 

Coefficient of variation 37.0% 
Threshold and response 

Average 14.71 4.0.93 

Coefficient of variation 33.6% 


50—70 110—130 170—180 
6.49 +-0.38 6.03 4.0.37 6.28 40.39 
30.7% 32.2% 32.5% 
9.59 4.0.53 8.96 4.0.45 9.22+40.61 
29.1% 26.6% 35.1% 
16.08 +-0.86 15.99 4.0.84 15.51 4.0.90 
28.2% 27.8% 


Day-to-day variation. 

Observations were made in a large number of 
normal volunteers at intervals of up to 33 days. 
These readings were taken when the opportunity 
presented itself and this was frequently at diffe- 
rent times and under different circumstances on 
different days. For the sake of simplicity, the 
results are presented as the percentage of subjects 
who showed graded differences between successive 
readings (table VI). A selection of absolute read- 
ings taken in subjects in whom more than two 
sets of observations were made is shown in figure 
2. This figure and table VI show that readings 
taken under different conditions on different days 
vary widely and this method is probably of no 
yalue in assessing the long-term effect of anal- 
gesics. Further study is required to see if readings 
taken at the same time and under comparable con- 
ditions on different days, show an appreciable 
variation. 


Other factors influencing readings. 

Hardy, Wolff and Goodell (1952) have shown 
that suggestion can have an appreciable effect on 
pain threshold. With this method patients have no 
idea of what effect the drug is likely to have, nor 
do they see the scale on the apparatus. However, 
the operator may expect higher or lower readings 
than the control, depending on the drug used and 
this can be eliminated by the use of “blind” 
ampoules. 

Distraction and impatience are two factors 
which have been found frequently to affect the 
readings. As far as possible, observations should 
be made unhurriedly in quiet surroundings with 
the subject given every opportunity and help to 
concentrate on the end points. 

Noxious stimulation and pain induced early 
during the threshold-raising action of morphine 
have been shown by Hardy et al. (1952) to alter 
the degree and duration of its action. With this 


TasLe VI 
Percentage incidence of difference between two sets of pain threshold and response readings made at several days intervals 


in a group of normal subjects. 


Days between No. of 


Response Threshold and response 


observations subjects 
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Day-to-day variations in pain threshold and response 
readings in a series of healthy volunteers. 


- Males. 


- Females. 


10 
TIME 


method it has repeatedly been found that post- 
operative patients with a painful wound have con- 
sistently lower readings than the pre-operative 
control, irrespective of the anaesthetic or analgesic 
drugs used. For this reason observations on the 
duration of action of analgesic or anaesthetic 
drugs should not be carried out during the post- 
operative period in patients who have had an 
abdominal or other incision. It has been our 
experience that only patients who have had an 
endoscopy or dilatation and curettage are suitable 
for a postoperative study of response to pain. 
The occurrence of severe hypotension follow- 
ing the administration of a drug has been found 
markedly to affect the similarity of duplicate read- 
ings. An example of this is shown in figure 3, 
where hypotension followed the administration of 
trifluoropromazine and there was a great increase 
in the deviation of the mean from individual dup- 
licate readings. This scatter was reduced once the 
blood pressure was raised to within normal limits. 
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TAIN UNITS 


BLAND PRESSURE 


x» 


‘TIME IN MINUTES 


Fic. 3 


The effect of intravenous injection of 20 mg trifluoro- 

promazine (Vespral) (T) on pain threshold (lower 

reading) response (upper reading). Rectangles indicate 

the scatter of duplicate readings from which the mean 

was calculated. Note the severe degree of hypotension 

which followed the injection of the phenothiazine and 
its reversal by methamphetamine (M). 


A limit must be placed on the number of read- 
ings which are made, especially where these are 
made at frequent intervals as often the intra- 
venous administration of a drug. This limit is due 
to the residual soreness which follows pressure 
and the necessity of choosing a fresh area of skin 
for each reading. In practice it is advisable to limit 
observations to 4 or 5 duplicate readings on each 
subject. 


EFFECT OF PETHIDINE 100 MG 


Changes in pain threshold and response readings 
following the intravenous injection of pethidine 
are shown in figure 4. The drug was always given 
slowly over 5 minutes to minimize its hypotensive 
action. Figure 4 shows that the analgesic action of 
intravenous pethidine could not be demonstrated 
consistently until 10 minutes after the end of 
injection. It can also be seen that the effect on the 
threshold readings is more marked than that on 
the response. This is in agreement with the well- 
known observation that dull aching pain is more 
effectively relieved by analgesics than sharp shoot- 
ing pain. 

It was not possible to demonstrate any relation- 
ship between the dosage of pethidine in mg/kg 
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Rasps 
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The effect of intravenous injection of 100 mg pethidine on pain threshold 


body weight and the percentage of patients in 
whom it causes elevation of the readings. 

Studies were made following the intramuscular 
injection of 100 mg of pethidine in 71 subjects. 
These patients were all in good physical condition 
and were receiving the drug as routine pre-anaes- 
thetic medication before minor surgical or gynae- 
cological operations. Readings were done at about 
half-hourly intervals following the administration 
of the pethidine, the number of observations 
depending on the circumstances prevailing at the 
time. 

For clarity in presentation of data, only devia- 
tions from the control reading are presented in 
the accompanying tables. Alterations in threshold 
and response readings in all cases are shown in 
figures 5 and 6. There is a delay of about 45 
minutes following injection before analgesia can 
be demonstrated fairly consistently and the peak 
action seems to occur after about 75-90 minutes. 
It was not possible to make any definite deduc- 
tions about the duration of analgesia from this 
data, but this does not seem to exceed 6 hours. 
As in figure 4, no relationship could be demon- 
strated between the incidence of rise in pain read- 
ings and the dose of pethidine in mg/kg body 


weight. 


and response readings. Figures indicate dosage in mg/kg. 


On analyzing this data, it was felt that patients 
with a low initial threshold reading showed a 
higher incidence of increases following pethidine 
than those with a high control reading. To exa- 
mine this in more detail the changes observed 
between 75 and 90 minutes following injection 
were analyzed. Table VII shows the percentage 
of significant changes in both the threshold and 
response readings, related to the initial threshold 
reading. It demonstrates a marked reduction in 
the frequency of elevation of readings following 
pethidine in patients with initial threshold read- 
ings of over 6 pain units as compared with 
patients who had a low initial reading. A similar 
effect can be observed in figure 7. 

When the alterations in threshold recorded in 
figure 5 are subdivided with regard to the initial 
reading (those up to 6 units being taken as “low 
initial threshold”) it can be seen from figure 8 
that the consistency of the rise following pethi- 
dine is much more marked in the patients with a 
low initial pain threshold. 

The above observation has important clinical 
applications if the method under discussion is 
used to compare the analgesic efficacy of different 
drugs. It can be easily appreciated that a series of 
observations made following the use of a power- 
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threshold and response readings following the 
intramuscular injection of 100 mg pethidine in 71 subjects. 

Low dosage: under 1.5 mg/kg. 

Medium dosage: 1.5-2.0 mg/kg. 

High dosage: over 2 mg/kg. 

Range of accepted error associated with the method. 
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As for fig. 5 with combined ee ay and response readings. 
Key as for fig 5 


Tasie VII 


The incidence of increase and decrease of pain threshold and 

response readings (pooled data), occurring 75-90 minutes 

after intramuscular injection of 100 mg pethidine, related to 
the initial threshold reading. 


CASES SHOWING 
RISE O——O 


Percentage incidence of changes 
after 100 mg pethidine 


FALL X——X 


PERCENTAGE OF 


LOWER LIMIT OF PAIN THRESHOLD READINGS 


Fic. 7 
Incidence of rise and fall in pain threshold and 
response readings (pooled data) related to the lower 
limit of the initial threshold reading. 
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The effect of the intramuscular injection of 100 mg pethidine on pain 
threshold readings in 71 subjects. 


Low initial threshold—6 units and under. High initial threshold—over 6 units. 
Key as for fig. 5. 


ful analgesic in patients with high initial pain 
threshold readings may present a less favourable 
picture than that obtained from a series in which 
a less potent analgesic was given to a patients 
with low initial readings. In table I it was shown 
that the average control reading was significantly 
higher in males than in females. Thus a series of 
patients whicn has a higher incidence of males 
may give results differing from those in a series 
in which females predominate. The pethidine 


data has been further analyzed in regard to diffe- 
rences in response within the low and high control 
reading groups, and, despite the paucity of num- 
bers, it was shown conclusively that males and 
females respond in a similar manner to this anal- 
gesic. Thus, providing patients with a high initial 
threshold reading are considered separately from 
those with a low initial reading, sex can be 
ignored as a factor likely to influence the response 
to analgesics. 
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DISCUSSION 


The technique which the authors have used in 
the application of this method to a study of the 
action of pethidine is somewhat similar to that 
adopted by Seevers and Ffeiffer (1936) using von 
Frey hairs applied to sensitive areas. Like these 
workers, the authors have found a great individual 
variation in control readings. The finding by 
Seevers and Ffeiffer and that of Lee (1942) that 
some subjects with a low initial pain threshold 
failed to show the opiate effect on the pain thre- 
shold was not confirmed in the present investiga- 
tion. On the contrary the results presented here 
are in agreement with those of Gaensler (1951) 
who, although using a different physical method 
to produce pain, demonstrated a sharp decrease 
in threshold-eievating power of opiates in subjects 
with thresholds of increasing magnitude. 

It is interesting to note that, using the 
D’Amour-Smith (1941) technique, which employs 
a constant radiant heat stimulus for a variable 
length of time, Miller (1948) found that increases 
in pain threshold produced by a variety of anal- 
gesics were greatest in subjects with a low normal 
threshold. He makes the important observation 
that absolute or percentage changes in threshold 
readings, varying as they do with the initial read- 
ing, can give erroneous figures of the true value 
of an analgesic in an unselected group of subjects. 

The great personal individual variation in con- 
trols, to which reference has already been made, 
has been verified by workers with all types of 
methods. Sherman (1943) using graded pressure 
as the pain stimulus according to the original 
Libman (1934) technique and its modification by 
Hollander (1939) found women to have a lower 
threshold to pain than men, thus agreeing with 
the finding of table I. The range of ages of the 
patients in the present investigation was too small 
to allow an analysis of the effect of age on control 
threshold readings. However, it is comforting to 
note that Sherman (1943) studied this aspect of 
the problem and concluded that in adults no 
effects of age upon sensitivity to pain could be 
definitely determined. 

Using the electrical and muscle ischaemia 
methods for the experimental production of pain, 
the authors have found a day-to-day variation in 
readings such as were observed with the method 
described in this paper. Harrison and Bigelow 
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(1943) have also made a similar observation using 
the Hewer and Keele (1948) ischaemic technique, 
while Miller (1948) mentions this as a ay 
drawback of the original Wolff, Hardy and 
Goodell (1940) method. 

It must be pointed out that the “pain units” 
used in this method apply only to a disc of 9.2 
mm diameter. Higher or lower readings will be 
found depending on the size of this disc. Thus, 
prior to its application with a different size of 
disc, initial studies would have to be done to 
determine the control reading below which the 
optimal response to an analgesic is obtained. 

While this, or any other simple method, leaves 
much to be desired as regards the quantitative 
evaluation of analgesics, it can be used single- 
handed and the response of a large number of 
patients can be studied simultaneously. As will 
be seen in subsequent publications, the authors 
have found it most useful in studying alterations 
in response to pain produced by premedication 
or anaesthetic drugs. 


REFERENCES 


Beecher, H. K. (1957). The measurement of pain. 
Prototype for the quantitative study of subjective 
responses. Pharmacol. Rev., 9, 59. 


Clutton-Brock, J. (1957). The cerebral effects of over- 
ventilation. Brit. J. Anaesth., 29, 111. 


—— (1960). Some pain threshold studies with 
ee reference to thiopentone. Anaesthesia, 
Se. 


D'Amour, F. E., and Smith, D. L. (1941). A method 
for determining loss of pain sensation. J. 
Pharmacol. exp. Ther., 72, 74. 


Gaensler, E. A. (1951). Quantitative determination of 
= visceral pain threshold in man. J. clin. Invest., 


Harrison, |. B., and Bigelow, N. H. (1943). Quantitative 
studies of visceral pain produced by the contrac- 
tion of ischaemic muscle. Ass. Res. nerv. Dis. 
Proc., 23, 154. 


Hewer, A. J. H., and Keele, C. A. (1948). A method 
of testing analgesics in man. Lancet, 2, 683. 


Hollander, E. (1939). A clinical gauge for sensitivity 
to pain. J. Lab. clin. Med., 24, 537. 


Lee, L. E. (1942). Studies on morphine, codeine and 
their derivatives. XVI: Clinical studies of mor- 
phine, methyldihvdromorphinone and dihydro- 
desoxy-morphine-D. J. Pharmacol. exp. Ther., 75, 
161. 


Libman, E. (1934). Observations on individual sensi- 
tiveness to pain, with special reference to 
abdominal disorders. J. Amer, med. Ass., 102, 335. 


Ae] 
| 
Tile 
bape 
| ip 
4} 
| 
| 
| 
: 
/ 
“id 
= 


406 BRITISH JOURNAL OF ANAESTHESIA 


Sherman, E. (1943). Sensitivity to pain (with an 
pee of 450 cases). Canad. med. Ass. J., 48, 
4 


Wolff, H. G., Hardy, J. D., and Goodell, H. (1940). 
Studies on pain. Measurement of the effect of 
morphine, codeine and other opiates on the pain 
threshold and analysis of their relation to the 
pain experience. J. clin Invest., 29, 659 

—— —— —— (1952). Pain Sensations and Reactions, 
Ist ed. Baltimore: Williams and Wilkins Co. 


Miller, L. C. (1948). A cri of testing 
methods. Ann. N.Y. Ac 1, 


Pelner, L. (1951). The determination of sensitivity to 
pain. J. Lab. clin. Med., 27, 248. 


Seevers, M. H., and Pfeiffer, C. C. (1936). A study of 
the analgesia, subjective depression, and euphoria 
produced by morphine, heroine, dilaudid and 
codeine in the normal human subject. J. Phar- 
macol. exp. Ther., 56, 166. 


LIVERPOOL SOCIETY OF ANAESTHETISTS 


President: Dr. J. B. HARGREAVES 


Hon. Secretary: Dr. E. §. N. Fenton, 2 Lancaster Avenue, Liverpool, 17 


Programme for Session 1960-61 ie 
1961 
THURSDAY, FEBRUARY 16, AT 8 P.M. fs 

Joint Meeting with Liverpool Medical 


1960 
FRIDAY, OCTOBER 7, AT 8 P.M. 


Ordinary General Meeting at Liverpool Institution at Liverpool Medical 
Medical Institution. Institution. 
Speaker : Dr. H. J. V. MORTON. Subject: The Role of the Anaesthetist 
Clinical Experiments Galore. in the Management of Intractable ‘ 
Pain. 


Speakers: Dr. J. E. Ripina. 
Therapeutic Nerve Blocks, 
Dr. J. W. DUNDEE. 


Fripay, NOVEMBER I1, aT 8 P.M. 
Ordinary General Meeting at Liverpool 


Medical Institution. 
Brains Trust on Paediatric Anaesthesia. 


Chairman: Dr. J. B. HARGREAVES. 


Professor Gray (Liverpool). 

Dr. R. W. Cope (London). 

Dr. Rospert M. SMITH 
(Boston, U.S.A.). 

Dr. G. J. Rees (Liverpool) 


Panel : 


1961 


FRipay, JANUARY 20, aT 8 P.M. 
Ordinary General Meeting at Liverpool 
Medical Institution. 
Speaker: Dr. A. H. GaLLey. 
Dental Anaesthesia, Past, Present and 
Future. 


Recent Progress in Drug Therapy. 


FRIDAY, MARCH 17, aT 8 P.M. 
Ordinary General Meeting at Liverpool 
Medical Institution. 
Papers to be presented by Registrars. 


THURSDAY, Apri 20, aT 8 P.M. 

Combined Meeting with Anaesthetic 
Section of Manchester Medical 
Society at Liverpool Medical In- 
stitution. 

Speakers: Dr. M. SweRDLow. 

Epidural Studies. 
Dr. A. L. StEaD. 
Dental Anaesthesia for Children. 


Fripay, May 19, at 8 P.M. 
Twenty-Ninth Annual General Meeting 
at Liverpool Medical Institution. 


| 
4 
| 
| 
st 
: 
| 
| 
| 
| 
a 23 


Brit. #. Anaesth. (1960), 32, 407 


ALTERATIONS IN RESPONSE TO SOMATIC PAIN ASSOCIATED 
WITH ANAESTHESIA 
Il: THE EFFECT OF THIOPENTONE AND PENTOBARBITONE 
BY 
Joun W. DuNDEE 


Department of Anaesthetics, The Queen’s Umiversity of Belfast, Northern Ireland 


It is frequently stated in textbooks on anaesthesia 
that thiopentone is devoid of any analgesic action 
and that this property limits its safe use as sole 
narcotic except for brief operative procedures. 
Recent work by Clutton-Brock (1960) has shown 
that not only is thiopentone without analgesic 
activity in subnarcotic dosage, but that doses of 25 
to 100 mg in adults will antagonize the analgesic 
action of nitrous oxide or pethidine. This anti- 
analgesic action is also produced by phenobarbi- 
tone and pentobarbitone. 

The author has carried out studies similar to 
those mentioned above and these confirm Clutton- 
Brock’s findings completely. They have been 
extended to study the duration of this effect fol- 
lowing various doses of the drug. The action of 
pentobarbitone has also been studied in detail, 
for, although this drug is chemically very similar 
to thiopentone, its rate of uptake by the brain is 
slightly slower and its different tissue distribution 
produces a much longer duration of narcosis than 
do similar doses of thiopentone. It is hoped that 
this communication, which reports the results of 
these studies, will throw some light on the factors 
involved in this phenomenon. 

METHOD OF STUDY 
The sensitivity to pain was measured by the 
gradual application of increasing pressure to the 
anterior surface of the tibia as described by 
Dundee and Moore (1960). This method gives 
two distinct endpoints, the “threshold” reading 
being that when pain is first appreciated and the 
“response” being that when the pain becomes 
unbearable or when the patient moves the limb 
in response to the stimulus. It is usually possible 
to obtain only this last end point in patients under 
the influence of anaesthetic drugs. 


The majority of observations were made on 
patients undergoing the operation of dilatation and 
curettage. Control readings were taken in the 
operating theatre immediately prior to the induc- 
tion of anaesthesia and, where applicable, an 
earlier reading was taken in the ward before injec- 
tion of the pre-anaesthetic medication. 

In all patients in whom further observations 
were carried out in the postoperative period, 
anaesthesia was limited to the induction agent and 
nitrous oxide with oxygen alone. At least 10 
minutes was allowed for elimination of the gas 
before the sensitivity to pain was again assessed. 
The apparent absence of postoperative pain fol- 
lowing minor gynaecological operations makes 
these ideal for a study of this nature. 

It was necessary to resort to more major pro- 
cedures and frequently to use muscle relaxants 
when studying the action of thiopentone on the 
analgesia induced by intravenous pethidine and 
nitrous oxide with oxygen. 

In the data to be presented alterations in sensi- 
tivity to pain are expressed as deviations from the 
control readings, where such a scheme is possible, 
but in a few instances average absolute readings 
are given. Where sufficiently large numbers of 
observations were carried out, dosage of barbi- 
turate is expressed in mg/kg body weight, but in 
smaller series of cases absolute dosage is given. 
The wide scatter of low dosage in mg/kg was 
achieved by using easily measurable amounts of 
drug (25, 50, 75 and 100 mg, etc.) in patients of 
varying weight. 

Thiopentone. 

Doses varying from 25 to 500 mg were given 
to 73 patients, 38 of whom received pethidine 100 
mg and atropine 0.6 mg as pre-anaesthetic medi- 
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cation, the remainder being given atropine alone. 
The thiopentone was injected rapidly over about 
5 seconds and the alterations in response to pain 
which occurred half a minute after injections are 
shown in figure 1. In 65 of these subjects readings 
were also taken 1 minute after the injection of 
thiopentone and the results are shown in figure 2. 
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It can be seen from these figures that those 
patients who were given a pre-anaesthetic dose of 
pethidine behaved similarly to those who received 
atropine alone and both series of subjects will be 
discussed together. 

The effect of doses of thiopentone of under 
0.5 mg/kg was very variable and no consistent 
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Changes in pain threshold and response readings occurring 30 seconds after injection of varying 

doses of thiopentone in 73 subjects. x (atropine) and o (pethidine) refer to pre-anaesthetic medi- 

cation. Data is presented as decrease or increase in pain units necessary to evoke the desired 
response. 
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pattern of changes could be demonstrated. Read- 
ings taken at half and one minute after injection 
showed a consistent increase in sensitivity to pain 
following doses of 0.6 to 1.5 mg/kg. Above 3.0 
mg/kg consciousness was invariably lost within 
the first minute and there was a definite elevation 
in the pain response readings, and with larger 
doses patients failed to move the limb when the 
highest possible reading on the scales was 
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obtained. (It is obvious that no “threshold” read- 
ings could be obtained with high dosage.) 

It was only with doses varying between 1.6 and 
2.5 mg/kg that a difference could be detected 
between the readings taken at half and one minute 
after injection. Doses which caused an elevation 
of response reading 30 seconds after injection 
frequently caused a fall 30 seconds later. 

It can be seen from figure 3 that the duration of 
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Changes in pain threshold and response readings occurring 1 minute after injection of varying 
doses of thiopentone in 65 subjects. Presentation of data as for figure 1. 
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Changes in pain response readings followed for up to 
7 minutes after small doses of thiopentone. In lower 


graph the figures indicate dosage in mg/kg body 
weight. 
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increased sensitivity to pain produced by small 
doses of thiopentone is very brief. This figure also 
demonstrates the rapid “reversal” of the pain 
threshold raising action of doses of 1.4 to 2.7 
mg/kg with the passage of time. It would appear 
from this figure that the anti-analgesic action of 
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Fic. 4 
Postoperative pain response readings related to the 
control reading, in patients who received moderate 
doses of thiopentone. 
Limits of normal range of error associated 
with the method of analgesimetry. 


Figures indicate dosage in mg/kg. 
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As for figure 4, except that larger doses of thiopentone were used. 
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subnarcotic doses of thiopentone does not persist 
for more than 10 minutes following the injection. 

All the observations with larger doses (figs. 4 
and 5) were carried out in the postoperative 
period. With moderate doses of 45.7 mg/kg (fig. 
4) increased sensitivity to pain could be detected 
up to 2 hours after injection, whereas with larger 
doses of 6-10 mg/kg (fig. 5) it could be shown to 
persist for up to 5 hours. 


Pentobarbitone. 

In table I the average effect of small doses of 
pentobarbitone is compared with that of the 
similar dose of thiopentone given to patients of 
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comparable age and weight. Pentobarbitone pro- 
duces the same degree of increased sensitivity to 
pain as thiopentone but, whereas the maximum 
action of thiopentone occurs within half a minute 
of its injection, this is not observed with pento- 
barbitone until at least one minute after injection. 

Studies on the duration of the anti-analgesic 
action of pentobarbitone were limited in number 
and only moderate doses of the drug could be 
given because of the prolonged period of drowsi- 
ness which they caused. Even with the doses used 
it is evident that the increased sensitivity to pain 
persisted much longer after pentobarbitone than 
after a similar dose of thiopentone (fig. 6). 


TABLE I 
Difference of the action of equal doses of thiopentone and pento- 
barbitone on pain threshold and response readings. Each reading is 
the average of at least ten observations. Readings are expressed in 
pain units as described by Dundee and Moore (1960). 
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As for figures 4 and 5, except that pentobarbitone was drug used. 
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Effect of thiopentone on pethidine analgesia. 

The data shown in table II is a more detailed 
analysis of some of the results given in figures 1 
and 2. The analgesia induced by the pethidine 
was immediately reversed by the small doses of 
thiopentone and both threshold and response 
readings were frequently reduced to levels below 
the control. The maximum effect of the thiopen- 
tone was observed 30 seconds after its injection. 
Figure 7 is typical of many results which showed 
that the duration of the antagonism of pethidine- 
induced analgesia by small doses of thiopentone 
was similar to that of the anti-analgesic action 
demonstrated in figure 3. 

Unfortunately it was not possible to study the 
length of action of larger doses of the drug. Since 
the intensity of the pethidine-induced analgesia 
changed with the time elapsing after injection, the 
postoperative readings following larger doses of 
thiopentone given to patients who were premedi- 
cated with pethidine 100 mg produced a most 
bizarre pattern of pain response readings. It was 
not possible to distinguish with certainty between 
the effects of these two antagonistic drugs. As a 
generalization, it appeared that the postoperative 
course following moderate doses (3.5-5.7 mg/kg) 
of thiopentone appeared to be affected by the 
pethidine but no such effect could be demon- 
strated when larger doses of thiopentone were 
given. 


Effect of thiopentone on nitrous oxide analgesia. 
While an antagonism between pethidine and 
thiopentone could be consistently demonstrated, 
this was not the case when analgesia was induced 
with nitrous oxide. It was necessary to produce 
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as near as possible a “steady state” of nitrous 
oxide analgesia and when 80 per cent of the gas 
in oxygen was inhaled for 5 minutes or more, no 
response readings could be obtained and no anti- 
analgesic action of thiopentone could be demon- 
strated. A 50 per cent mixture of nitrous oxide 
and oxygen was tried but even with this percen- 
tage it was only possible to detect the pain thres- 
hold lowering effect of thiopentone in about half 


16} MALE 36urs 
154 
14 
139 
. 
S 
* 
74 
6 
N 
§4 
PETHIDINE N 
44: 100m N 
MINUTES 


Fic. 7 


Effect of 1.25 mg/kg thiopentone on analgesia induced 
by the intravenous injection of 1.67 mg/kg pethidine. 
Upper line-—pain response readings. 

Lower line—pain threshold readings. 
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and the subsequent effect of small 


doses of thiopentone on the result- 


ing analgesia. Each reading is the average of 8 to 10 observations, each 
of which was done in duplicate. 
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the subjects. These patients were usually given a 
muscle relaxant and respiration was controlled, 
the thiopentone being given when the effect of 
the relaxant was reversed. The course of events in 
one patient in whom antagonism of the analgesia 
by thiopentone could be demonstrated is shown 
in figure 8. 

There seemed to be little doubt that the anal- 
gesia produced by concentrations of nitrous oxide 
in excess of 50 per cent was more profound than 
that induced by pethidine 100 mg, provided that 
the inhalation had lasted for 5 to 8 minutes and 
that high gas flows had been used to ensure rapid 
alveolar denitrogenation. 


DISCUSSION 

The anti-analgesic effect induced by small doses 
of thiopentone and pentobarbitone appears to 
occur only when the brain contains a small to sub- 
anaesthetic dose of the drugs. It is possible from 
this data to demonstrate changes in sensitivity to 
pain which parallel the expected changes in the 
brain content of both drugs. 

The rapid onset of the phenomenon with thio- 
pentone is in keeping with the immediate pene- 
tration of this drug into the brain (Mark et al., 
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1958). Goldstein and Aronow (1960) have demon- 
strated a delay in equilibration of pentobarbitone 
with brain tissue and this explains the delay in 
onset of its anti-analgesic action as compared with 
that of thiopentone (table I). The very rapid 
removal of small doses of thiopentone from the 
nervous system (Price, Dundee and Conner, 
1957) reduces a hypnotic concentration to one 
which induces sensitivity to pain within 30 
seconds (figs. 1, 2 and 3). 

The occurrence of the anti-analgesic action in 
the postoperative period and its duration of action 
is what would be expected from a knowledge of 
the redistribution of large doses of the drugs. The 
more prolonged action of pentobarbitone is 
explained by its lesser fat solubility as compared 
with thiopentone (Brodie, 1952). 

It has been pointed out by Clutton-Brock 
(1960) that the clinical significance of the anti- 
analgesic action of thiopentone will be in the post- 
operative period, when the drug has been distri- 
buted to the non-nervous tissues and low brain 
concentrations occur. This may not apply to the 
oral use of pentobarbitone as pre-anaesthetic 
medication, where high brain concentrations will 
not be achieved as rapidly as after intravenous 
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injection. Leigh and Belton (1949) have reported 
the occurrence of occasional excitement in child- 
ren, especially when the drug is used without 
opiates in the presence of pain. Doughty (1957) 
mentions the occurrence of postoperative delirium 
and restlessness after adenotonsillectomy in child- 
ren who were given quinalbarbitone as pre-anaes- 
thetic medication and it is likely that the same 
mechanism is responsible for this undesirable 
complication. The barbiturates are still the most 
popular premedicant drugs in children (Anderson, 
1960) and it is possible that the use of the now 
available parenteral preparations of barbiturates 
would reduce the incidence of restlessness, par- 
ticularly after painful operations. The more rapid 
absorption into the blood stream would make their 
action more predictable than when the oral route 
is used and the duration of the anti-analgesic 
action would be lessened. However, if it is 
intended to use parenteral administration on 
theoretical grounds the opiates would seem to be 
the drugs of choice. There is need for further 
study in this field and a comparison of the effects 
of rectal thiopentone and oral barbiturates should 
yield interesting data. 

The results obtained when attempting to antag- 
onize pethidine and nitrous oxide analgesia by 
small doses of thiopentone suggest that the latter 
is the more powerful analgesic. There seems little 
point in the routine use of intravenous pethidine 
to augment nitrous oxide and oxygen analgesia, 
especially when muscle relaxants and controlled 
respiration are used. It is not suggested that pethi- 
dine may not have other actions than decreasing 
sensitivity to somatic pain but these are outside 
the scope of this discussion. 


SUMMARY 


Small doses of thiopentone and pentobarbitone in 
the order of 0.6°-1.5 mg/kg will result in 
increased sensitivity to somatic pain. The action 
of thiopentone can be detected half-a-minute after 
injection and lasts for only a few minutes. With 
pentobarbitone there is a delay of at least 1 
minute after intravenous injection before the 
maximum anti-analgesic action can be demon- 
strated. It is suggested that these differences are 
due to different rates of penetration of the two 
drugs into the brain. 
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With larger doses of thiopentone the pai 
threshold will rise but only te soe 
becomes unconscious. A marked anti-analgesic 
action has been demonstrated in the recovery 
period up to 5 hours after injection of commonly 
used doses of thiopentone. The duration of this 
action is even more prolonged after similar doses 
of pentobarbitone are given. 

Small doses of thiopentone antagonize the anal- 
gesia produced by 100 mg of pethidine and on 
occasions it was possible to demonstrate an anta- 
gonism to nitrous oxide analgesia. Results suggest 
that the analgesia produced by 50 per cent nitrous 
oxide with oxygen mixtures is more pronounced 
than that which follows the intramuscular or 
intravenous injection of 100 mg of pethidine. 

The data presented offers a possible explanation 
for the postoperative restlessness which follows 
the premedicant use of barbiturates in children, 
especially when a painful wound is present. It is 
suggested that, on theoretical grounds, this is an 
unsatisfactory form of pre-anaesthetic medication. 
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DRUG CONSUMPTION DURING THIOPENTONE-NITROUS 
OXIDE-RELAXANT ANAESTHESIA: THE PREPARATION AND 
INTERPRETATION OF TIME/DOSE CURVES 


BY 


Micuaet KEérI-SZANTO 
Notre Dame Hospital and Queen Mary Veterans’ Hospital, Montreal, Canada 


Ever since the publication of experimental data 
about the shortening effect of body fat (Hermann 
and Wood, 1949) and lipaemia (Stavinoha and 
Davis, 1955) upon the thiopentone sleeping time 
of laboratory animals, we were intrigued by the 
contrary clinical impression that, weight for 
weight, obese subjects require less thiopentone 
than lean subjects to attain an anaesthetic state 
of comparable depth and duration. This appeared 
all the more remarkable because the accepted 
theory of the disposal of thiopentone (Brodie, 
1952) fitted in nicely with the experimental data 
but could not be readily reconciled with the 
clinical impression. It seemed, therefore, worth 
while to confirm our observations and to extend 
earlier studies on thiopentone consumption 
(Keéri-Szanto, 1955) if our suspicion proved 
correct. 


MATERIAL AND METHODS 


In a preliminary series we culled one year’s 
anaesthesia charts of the University of Minnesota 
Hospitals for cases that: 
were anaesthetized with thiopentone, nitrous 
oxide and d-tubocurarine; 
were between the ages of 10 and 80; and 
had the duration of anaesthesia, drug con- 
sumption and body weight recorded on the 
charts. 


254 such charts were found and these were 
divided into two groups: the “obese”—women 
of all ages over 70 kg, men under 40 years of 
age and over 80 kg, and men past 40 weighing 
over 75 kg—and the remainder, the “lean”. There 


amount of drug used for each subject was calcu- 
lated in mg/kg and set against the duration of 
the anaesthetic and the data were treated 
statistically. 

The main study consisted of analysis of 101 
anaesthetics administered by the author to un- 
selected cases in two general hospitals. These 
patients received routine premedication. Anaes- 
thesia was induced with thiopentone and main- 
tained using a semiclosed circuit with nitrous 
oxide 2 litres and oxygen 1 litre per minute. 
Additional increments of thiopentone were given 
as required. In 82 patients d-tubocurarine was 
mixed with the thiopentone in a standard ratio 
of 1:33 (Baird, Johnson and Van Bergen, 1948). 
Twelve patients received intermittent doses of 
suxamethonium, while 7 subjects received no 
relaxant. All patients were hyperventilated, 
either manually (52 patients) or by a mechanical 
respirator (49 patients). Seventy-five cases were 
intubated; in the remaining 26 anaesthesia was 
maintained through a nasopharyngeal airway 
(Keéri-Szanto, 1959). All subjects in this latter 
group were ventilated manually. 

Every increment of thiopentone was marked 
on the anaesthetic charts at the time of adminis- 
tration. At some later date these data were trans- 
formed into mg thiopentone per square metre 
body surface with the aid of the Du Bois nomo- 
gram and a cumulative time/dose plot was drawn. 
From this plot we obtained by interpolation the 
drug consumption at fixed times. These were 
12.5, 25, 50, 75, 100, 125, 150, 175, 200, 250, 
300, 350, 400, and 450 minutes. These interpo- 
lated data served as the basis of our further cal- 
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In addition to this study various other investi- 
gations were also carried out on the same sub- 
jects, either as spot checks or for the verification 
of certain problems that arose as the data 
accumulated. Of these only the results of plasma 
thiopentone determinations (UV spectrometry 
in 12 patients) will be reported. E.e.g., blood pH, 
blood protein and blood lipid studies were carried 
out but had no apparent relevance. 


RESULTS 


The results from the cases taken from the records 
of the University of Minnesota Hospitals are 
shown in the form of a scatter diagram in figure 1. 
They show clearly that the thiopentone consump- 
tion per unit of body weight is greater in the 
lean than in the obese and further that this 
difference is independent of the duration of the 


operation. 
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The details of the 101 personal cases are set 
out in table I. The tally sheet in figure 2 shows 
the consumption of thiopentone in these cases 
expressed this time as mg per unit of body sur- 
face, that is, in such a manner as to eliminate 
as far as possible the variable of degree of 
obesity. In figure 3 the best-fitting curve has been 
drawn through the mean values for the data set 
out in figure 2. 

In table II will be found the figures from which 
were determined the facts set out in figures 4 
and 5. The first of these indicates that there is 
good correlation between the thiopentone trans- 
formation rate, thus determined, and the concen- 
tration of the drug actually found in the plasma 
at the end of the operation. There is nearly as 
good agreement between the drug concentration, 
directly determined, and the predicted drug con- 
sumption obtained from the figures in table II 


(fig. 5). 


-= (172 cases) 


lean 
Obese -o ( 82 cases) 


MINUTES ANAESTHESIA TIME 


Fic. 1 


Thiopentone eee of 254 lean and obese subjects anaesthetized with thiopentone— 
re 


nitrous oxide 


axant for various surgical interventions, Cases lasting less than 200 minutes. 


were divided into 25-minute time groups, those over 200 minutes into 50-minute groups, Mean 
values (heavy X-s and O-s) were determined for each group and the best-fitting curves were 


calculated by means of a digital computer. 
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DISCUSSION 

The data in our preliminary series (fig. 1) are 
incomplete because only the weights of the sub- 
jects were available for the determination of 
“obesity”. In consequence, some muscular indi- 
viduals might have been classified erroneously as 
obese but it was unlikely that markedly obese 
individuals would be placed in the lean group. 
This bias should increase the apparent drug 
requirements of the obese group since it is 
general knowledge that large muscular individuals 
usually require considerable amounts of thiopen- 
tone for anaesthesia. In spite of this, however, 
the “obese” patients consistently received less 
thiopentone—weight for weight—over the entire 
time range under observation. Statistically 
this finding is highly significant (P=0.001 by 
the “sign test”) and even although the original 
data are somewhat unsatisfactory, we feel justi- 
fied in concluding from this that reasonable 
doubt exists whether laboratory findings con- 
cerning the role of fat depots in the disposal of 
thiopentone can be transferred to the human 
subject. 

“Drug consumption curves appeared a promis- 
ing way to study the disappearance of the drug 
from the circulation. In our cases once the patient 
had become equilibrated with nitrous oxide, 
thiopentone increments were the sole means at 
the disposal of the anaesthetist to “titrate” the 
patient, as it were, against the stimulus of sur- 
gical and anaesthetic procedures. The end-point 
of this titration, a “steady level of anaesthesia”, 
is hard to define in an objective manner but it is 
a fairly constant point nevertheless for the same 
anaesthetist. Obviously, this end-point will not 
depend solely on the concentration of the anaes- 
thetic drug in the plasma; it will also be 
influenced by the patient’s reactivity, by the dose 
and timing of the premedication, by the vary- 
ing intensity of surgical stimulus, by accumula- 
tion of carbon dioxide, hypoxia, etc. However, 
many of these factors can be considered constant 
for the individual case and others may operate 
for short portions of the intervention only. If the 
plasma concentration of the drug varies signifi- 
cantly during an intervention, the drug con- 
sumption curve will be irregular. If on the other 
hand the plasma level is constant (or changes 
in a linear fashion) a smooth curve will result. 
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It is theoretically impossible to obtain a smooth 
drug consumption curve unless this condition is 
fulfilled. If a number of individual curves are 
averaged out, the variations between cases will 
show up as the scatter around the mean values 
(fig. 2) while the per-operative irregularities will 
tend to cancel out. The absolute value of the 
various constants of the curve might be influenced 
by the anaesthetist and consequently vary from 
series to series. The ratio of the constants to each 
other (the shape of the curve) should, however, 
be independent of the observer and it will 
characterize the drug consumption of a group of 
subjects under the stated circumstances. 

In our personal series of 101 cases individual 
drug consumption curves were drawn visually 
across an average of 10 points. A curve was con- 
sidered smooth if the actual thiopentone value 
differed at no point more than 10 per cent from 
the curve. Seventy-two such curves were obtained. 
Of the remaining 29 the majority of the irregu- 
larities could be readily explained in retrospect 
by inattention of the anaesthetist, haemodynamic 
upsets, increased surgical stimulus, etc. We 
conclude from this finding that in a series similar 
to this, smooth drug consumption curves can be 
regularly anticipated and that no error in 
principle is introduced when the curve drawn 
through the mean values is considered as repre- 
sentative of the entire series. 

Any intravenous anaesthetic that is not 
excreted during anaesthesia is inactivated by two 
processes: translocation (storage, equilibration) 
and transformation (metabolism). The former is 
described by an exponential, the latter by a 
linear equation. Assuming that transformation 
proceeds at a constant rate and that at t=O, 
Y=O (ie. there is no thiopentone in the blood 
before the start of anaesthesia) the amount of 
thiopentone (Y) required at any time (f) to main- 
tain some steady plasma concentration of the 
drug in the face of combined translocation and 
transformation can be derived from the formula 


(1) 


In its general form this formula is entirely 
compatible with the concept that the thiopen- 
tone equilibrates mainly with the fat depots, 
that full equilibration takes at least 2 hours and 
that at the end of this period about 70 per cent 
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Tally sheet of interpolated thiopentone requirements in 101 personal cases. Class interval: 
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Taste I show up as a poor fit of the experimental points 
The main series to the model equation. 
Curve fitting with a hybrid equation like (1) 
Cases male 57 presents certain difficulties, the solution of which 
AGE — 20 hk. shall be discussed in a separate communication 
4060 46 (St. Pierre, 1960). With the use of a digital com- 
Over 60 13 puter the best fitting type (1) curve to the mean 
DURATION Minimum anaesthesia time 33 minutes values of figure 2 has been determined as 
Maximum anaesthesia time 640 minutes = 07 
Median anaesthesia time 165 minutes Y=1.75 (1— (2) 
end 8 This curve is shown in figure 3. Starting from 
Open chest y the null hypothesis that drug consumption is not 
Stomach 10 a function of time, the formula accounts for 
Biliary system 18 dee 
Ranel 13 better than 97 per cent of the total variability 
Gynaecology 1S observed. The introduction of additional con- 
ya : stants (Price and Conner, 1960) which would 
Others 14 represent various compartments of the thiopen- 


of the drug is in the fat depots as has been sug- 
gested by different authors (e.g. Mark, Burns, 
Brodie and Papper, 1956). If the capacity and 
the rate of equilibration of the various tissue 
compartments is markedly different, this would 


tone space can thus at best account for the re- 
maining 24 per cent variability, at the expense 
of several degrees of freedom. Before consider- 
ing how equation (2) fits the concept of thiopen- 
tone disappearing in the fat depots during 
clinical anaesthesia, it might be useful to discuss 
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Fic. 
Mean values of the data from figure 2 and their best-fitting curve. Numbers at the bottom 


of the graph indicate the individual data that contributed to each mean value. 


the interpretation of the constants in equation (1). 

A (mg/m*/min) represents the rate of trans- 
formation, assumed to be constant during the 
whole procedure. This constant per se yields no 
information about the nature of the metabolic 
step which is measured, namely the process by 
which plasma thiopentone is changed from a 
pharmacologically active into an inactive com- 
pound. 

B (mg/m’*) indicates the amount of thiopen- 
tone required in the pool to maintain an equili- 
brium with the rapidly mixing space at a level 
necessary for the maintenance of anaesthesia. 
This constant per se yields no information where 
the thiopentone pool is located and whether it 
is justifiable to consider it as a single compart- 
ment. 

k (per cent per minute) represents the rate of 
translocation. The term -Be*' yields the 
amount of thiopentone remaining to be trans- 
located at any time ¢. Its derivative 


dt =K (+ Be *), 
yields the rate of translocation in absolute values 
at any ¢ time. 


In these terms (2) provides the following 
information : 


The term — Be accounts for less than 10 per 
cent of the value of Y beyond t = 45 min. This 
would indicate that whatever translocation takes 
place during anaesthesia is more than 90 per 
cent completed by 45 minutes and after this time 
most of the drug required replaces thiopentone 
utilized by transformation. It is, of course, 
entirely possible, even probable, that after 
operation thiopentone will be further translo- 
cated but according to our equation the signi- 
ficance of this process during surgery appears 
limited. 

The ratio of hourly transformation rate to the 
size of the thiopeatone pool 100 is such 


in our series that it corresponds to at least 30 
per cent per hour. It can be shown that this 
value differs significantly from the postulated , 
10-15 per cent per hour. 

One must assume therefore from figure 3 that 
in this series translocation has been virtually 
completed by 45 to 55 minutes and transforma- 
tion has proceeded at the rate of about 30 per 
cent per hour, transformation being defined as 
inactivation of the thiopentone’s anaesthetic 
property. Since this conclusion contradicts the 
orthodox view about the disposal of thiopentone 
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TasLe 
Biochemical data on plasma thiopentone levels and their decay after surgery 


Predicted Thiopentone mg/l. plasma 


drug con- Decay 
Case t Y A B sumption at end of 30 minutes _ per cent 
No min mg/m* mg/m*/min mg/m’ per cent surgery later per 30min 
87 208 692 2-16 233 109 20-5 16 22 
88 125 587 2-30 300 118 22 19 14 
89 63 278 1-24 200 80 10 9 10 
90 85 440 2-93 200 110 13-5 9 33 
91 100 264 0.91 175 59 9-6 7-5 22 
92 210 592 1-96 200 94 16 5 69 
94 50 319 1-68 235 105 16 14 12 
95 47 424 2-21 320 131 19 12 37 
96 110 day 1-50 290 96 13-5 12 il 
QR 98 316 1-18 200 Ti 11 9-5 14 
9) 62 230 1-05 165 66 9 8 11 
100 465 1045 1-72 233 108 15-5 12-5 21 
Average 135 470 1-74 229 96 14-6 I1-1 19 
From equation 2 1-75 298 18 


during surgery, we have sought additional data 
for the clarification of this problem. 

In 12 of the 101 cases plasma thiopentone levels 
were determined at the end of anaesthesia and 
30 minutes later (table II). The observed values 
were in good agreement with our conclusions 
drawn from equation (2) and figure 3, and as 
a group differ significantly (at the 1 per cent level) 
from the assumption that plasma thiopentone 
diminishes at the average rate of 15 per cent per 
hour after initial equilibration. 

The individual drug consumption curves of the 
12 cases were drawn and the approximate values 
for the constants A and B (equation 1) were deter- 
mined graphically. In addition the total drug 
consumption was calculated as the percentage of 
the predicted value (from equation 2) for the 
different anaesthesia times (table II). These data 
permitted the comparison of drug consumption 
values in individual cases, regardless of the dura- 
tion of anaesthesia. The correlation between the 
graphically determined values of A (mg/m*/min) 
and terminal plasma thiopentone levels (fig. 4) 
was found to be highly significant (at the level 
of 0.1 per cent), as was the correlation between 
percentage predicted drug consumption and 
terminal plasma thiopentone levels (fig. 5). 
Figure 4 should be interpreted with reservations 
because 4 of the 12 cases lasted less than 75 
minutes and translocation might have been 
incomplete at the end of anaesthesia. Also 
graphical determination of the constants A and 


B might not be accurate in cases where the 
experimental points are too few. Nevertheless, the 
fact that drug consumption can be closely cor- 
related with terminal plasma thiopentone levels 
and with a constant of the dimensions of 
mg/m*/min, argues very strongly against the 
assumption that translocation is the major factor 
determining the thiopentone requirements of 
individual subjects during surgery. A constant of 
like dimensions, if it does not refer to a metabolic 
step, might conceivably be influenced by dif- 
ferences of tissue perfusion between different 
subjects but it cannot be meaningfully correlated 
with absolute or apparent capacity of body com- 
partments. 

Five of the 12 cases lasted longer than 110 
minutes and thus might be considered as equili- 
brated even according to the orthodox view of 
thiopentone disposal. We have attempted to 
calculate the thiopentone requirements (in terms 
of the orthodox theory) of these subjects by 
making the following assumptions: 


the aqueous phase, in equilibrium with the 
plasma is 20 per cent of the body weight; 

the fat: water distribution ratio in the body is 
6.0; 

the lipid phase comprises 15 per cent of the 
body weight; 

thiopentone is metabolized at the rate of 12 
per cent per hour. 


From these data and the plasma thiopentone 
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Correlation of terminal plasma thiopentone levels 

with the (graphically determined) transformation rates 

in 12 cases. (x) marks cases lasting less than 75 

minutes. 


levels actually determined the amount of thio- 
pentone required to maintain equilibrium for the 
duration of anaesthesia was found to be 1,798, 
2,851, 1,379, 1,327 and 1,989 mg/m? (average 
1,889 mg/m*) over 208, 125, 210, 110, and 465 
minutes (average 224 minutes) respectively. The 
actual drug consumption of these cases was 692, 
587, 612, 449 and 1,045 mg/m’ respectively 
(average 677 mg/m’) or about one-third of the 
(conservatively) predicted value. It is evident 
that in the present series, even in cases lasting 
up to 7 hours, saturation of the fat depots was 
not even approached. 

Our data furnish additional proof, if any were 
needed, of the hazards of transferring laboratory 
data to clinical practice. There can be no question 
that the anaesthetist’s interest in the disposal of 
thiopentone by the body centres around the 
problem of how the drug is handled by the 
organism under the conditions in which it is 
habitually employed, namely during surgery. It 
would seem from the present study that in spite 
of the millions of thiopentone anaesthetics that 
have been given and a literature of thousands of 
articles and several monographs, the prevailing 
concept of the fate of thiopentone in the body 
does not describe adequately the actual clinical 
events. At the risk of labouring the obvious we 
would like to emphasize again that laboratory 
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Correlation of time-corected drug consumption values 


with terminal plasma thiopentone levels in the same 
cases as in figure 4. 


data—even data obtained in healthy volunteers— 
can be no more than guide posts for the clinician 
and their conclusions should be—or ought to 
be—open to revision if they are not confirmed 
by clinical experience. We consider it to be the 
main advantage of the time/dose curves that 
their determination is within the reach of any 
interested clinician and that they permit the 
accumulation of a wealth of semiquantitative 
clinical experience within a short time. These 
data, then, can be brought to bear upon the much 
more precise laboratory studies, which neverthe- 
less have the built-in disadvantage of an un- 
avoidable paucity of observations and the 
necessity to extrapolate from laboratory to actual 
clinical conditions. The time/dose curves could 
theoretically be applied to any intravenous anaes- 
thetic. They may confirm laboratory findings or 
they may show up discrepancies which could 
then be investigated with more elaborate 
research tools. 


CONCLUSIONS 
We wish to draw the following conclusions from 
our findings: 

Time/dose curves of anaesthetic drug con- 
sumption are valid clinical tools for obtaining a 
first approximation to the rate of the disposal of 
an intravenous anaesthetic drug during surgery. 
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Data derived by this technique and supported 
by data obtained by other methods are not com- 
patible with the concept that under clinical con- 
ditions thiopentone requirements are primarily 
determined by uptake of the drug in the fat 
depots. 

It is suggested instead that the fat depots play 
a subordinate role in determining clinical thio- 
pentone requirements. At the same time trans- 
formation of the drug proceeds at a rate which 
is at least double that previously postulated. 

Variability of drug consumption from case to 
case can be largely accounted for by the indi- 
vidual differences in the plasma level of thiopen- 
tone required to produce anaesthesia in various 
subjects. 

It behoves us to offer some explanation why our 
findings should differ so markedly from the pre- 
vailing view about the fate of thiopentone in the 
body during surgery. Let it be stated at the 
outset that we have no experimental evidence of 
our own to offer in this regard. Since completion 
of the experimental part of this study we were 
gratified to find confirmation of our criticism of 
the orthodox view of thiopentone disposal by 
Goldstein and Aronow (1959) and by Price and 
Conner (1959). It seems that under actual clinical 
conditions where plasma thiopertone level is 
mainta'ined—while in the experimental studies it 
was allowed to drop—haemodynamic factors 
become even more important than has been 
postulated by these authors and the reduction of 
cardiac output as well as the extensive peripheral 
shunting (Hershey, Zweifach and Rovenstine, 
1953) reduces the effective perfusion of the fat 
depots to a point where their contribution to the 
disposal of the quantities of thiopentone actually 
employed during clinical anaesthesia becomes 
negligible in the time interval under study. 

The same haemodynamic changes would also 
explain why the 90 per cent equilibration point 
occurs later in our series than in most other 
studies: the rate of translocation—other things 
being equal—is a function of the effective per- 
fusion of the apparent thiopentone space and 
diminished cardiac output, peripheral shunting 
and slower circulation will all delay the onset 
of equilibrium. These changes persisted for a 
longer period in our series than in the laboratory 
studies and they might have been more pro- 
nounced due to the added stimulus of surgery. 
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It should also be emphasized that oxygenation 
and carbon dioxide elimination were probably 
closer to physiological normality in our patients 
who were artificially ventilated throughout surgery 
than in those of Brodie and his colleagues (1952), 
in whom at best “respirations were assisted when 
they appeared inadequate.” It is common clinical 
experience that such support usually results in 
respiratory acidosis of some degree which in turn 
greatly increases the thiopentone-absorbing 
capacity of the fat depots (Brodie et al., 1950). 
It might be further recalled that in vitro the 
destruction of thiopentone was shown to be an 
oxidative process which is sensitive to anoxia 
and to the lack of succinate (Gould and Shide- 
man, 1952). The fact that optimal oxygenation 
and more frequent passage through the liver, 
the probable site of transformation, may greatly 
influence the rate of transformation has been well 
illustrated by Kelly and Shideman (1949) who 
found transformation rates in excess of 50 per 
cent per hour using a heart-lung-liver preparation 
in which oxygenation was assured and in which 
80 per cent of the cardiac output passed through 
the liver. 

Our study will not yield any information about 
the ultimate fate of thiopentone in the body: it 
registers only the one point at which the drug 
becomes pharmacologically inactive and the 
results might be taken to indicate that the rate 
of this reaction is uniquely dependent upon the 
concentration of the drug in the bloodstream 
within the range of the experimental data. 


SUMMARY 


The thiopentone requirements of 101 subjects 
undergoing a variety of surgical procedures last- 
ing from 33 to 640 minutes were recorded and 
analyzed. It appears from the resulting equation 
that beyond the first hour of anaesthesia very 
little of the drug is translocated while more than 
90 per cent is transformed. Transformation pro- 
ceeds at least at double the rate previously 
assumed. 

Thiopentone consumption is mainly determined 
by the active metabolic mass (measured most 
accurately as the body surface), the duration of 
anaesthesia and the plasma thiopentone level 
required to maintain anaesthesia in a particular 
subject. 
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The Problem of Acute Hypothermia. Edited by 
P. M. Starkov. (English editor E. Neil.) Pub- 
lished by Pergamon Press, London. Pp. 319; 
illustrated. Price 70s. 


Fundamental advances by Russian surgeons, par- 
ticularly in grafting tissues, and even of whole 
organs, add to the interest of this work by physio- 
logists from the Kalinin Medical Institute under 
Professor Starkov. Twenty-eight subjects dealt 
with by 15 authors relate to experiments on cool- 
ing and rewarming animals. Studies have been 
made of motor-conditioned reflexes, of the effects 
on cerebral centres, of changes in respiration, gas 
exchange, blood flow time, and volume flow in 


BOOK REVIEW 


limbs and organs. Other important subjects are: 
the prevention of ventricular fibrillation; the 
haemodynamics after blood loss; the limits of 
over-cooling and survival; and the effects of 
analeptic drugs in restoring body temperature 
after cooling. 

This monograph has been made available in 
the shortest possible time through the initiative 
of the Pergamon Press, who have printed it in 
non-letterpress setting with photolithographs. 

Each article ends with an appropriate section 
on references; unfortunately there is no index. 
The illustrations and their legends are clear and 
the text is easy to follow. 

R. P. Harbord 
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POTENTIATION 


Tue striking effect of chlorpromazine, when used 
clinically in pre-anaesthetic medication or as a 
supplement to analgesics and hypnotics, is its 
potentiating action (Laborit and MHuguenard, 
1954; Dobkin, Lamoureux, Letienne and Gilbert, 
1954; Dobkin, Wehling, Gross and Mendelsohn, 
1955; Dripps, Vandam and Pierce, 1955). This 
was confirmed by the experimental observations of 
Courvoisier and others (1953), Sadove, Balagot 
and Reyes (1956), and Dundee and Scott (1958). 

The numerous phenothiazine derivatives which 
are now in use have a wide range of actions which 
are similar to those of chlorpromazine but differ 
in potency in each of the effects (Dobkin, 1958). 
It was felt, therefore, that some of these differences 
should be defined, so that the use of these drugs 
in association with anaesthesia might be employed 
with greater care and advantage. The following 
report deals with the comparative effect of seven 
phenothiazine derivatives on thiopentone narcosis. 


METHOD 


Crossover experiments were carried out four 
times at weekly intervals with each drug. Ten 
mongrel dogs of comparable age and size (10 to 
15 kg; mean 12.3 kg) were used. The technique 
employed was similar to that previously reported 
(Virtue and Kaster, 1957; Dobkin and Harland, 
1960). In every experiment, each dog received 20 
mg/kg of thiopentone intravenously in a 2 per 
cent solution, injected at an approximate rate of 
150 mg/min and this was followed, at alternate 
crossovers, by the injection of the test drug. The 
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selection of the dose for each drug was based on 
previous clinical and laboratory trials to deter- 
mine a dose level that would not cause severe 
cardiovascular or respiratory depression when 
administered after thiopentone. 


RESULTS 


A summary of the data from each of the seven 
series of experiments is shown in table I. All 
data were analyzed statistically for standard devia- 
tion and standard error of the mean, and the 
Fisher “t” test was applied to determine the 
probability of significance of the differences that 
were observed. 

On the basis of this method of study, the seven 
drugs may be divided into two groups: those 
drugs that cause marked and consistent potentia- 
tion of thiopentone narcosis—promethazine, 
chlorpromazine and triflupromazine; and those 
that cause slight or moderate and variable poten- 
tiation of thiopentone narcosis—perphenazine, 
fluphenazine, thiopropazate and pipamazine. 


DISCUSSION 


The potentiating effect of chlorpromazine (Lar- 
gactil) on anaesthetics has been well established. 
This use should be retained as the primary one 
for this drug in pre-anaesthetic medication, but 
with due consideration for its cardiovascular 
effects (hypotension, tachycardia, depression of 
myocardial irritability and marked depression of 
the response to vasoconstrictor drugs) (Dobkin, 
Gilbert and Melville, 1956). 

Although promethazine (Phenergan) appears to 
have a potent hypnotic action in dogs, it is not as 
effective in allaying apprehension in man (Dobkin 
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POTENTIATION OF THIOPENTONE ANAESTHESIA 


Taste I 
Summary of data showing the effect of phenothiazine derivatives on thiopentone narcosis in dogs. 


Recovery time (minutes) Recovery time (minutes) 
Head up Legs up 

Drugs tested mg/kg | Mean*_ S.D. Diff. Significance} Mean* % Diff. Significance 
Thiopentone alone 20 42 14 +138 P=.001 54 16 +107 P=.001 
+ Promethazine 5 99 32 112 28 
Thiopentone alone 20 48 16 +112 001 55 17 +109 .001 
+ Chlorpromazine 1 102 27 115 30 
Thiopentone alone 20 35 11 +20 BO 39 11 +26 05<P 
+ Perphenazine 0.5 42 21 <2 49 19 <.l 
Thiopentone alone 20 36 17 +60 O1<P 65 48 +43 P=.! 
+ Fluphenazine 0.4 58 30 <.025 93 55 
Thiopentone alone 20 36 14 +17 hd 45 14 +9 5<P 
+ Thiopropazate 0.5 42 22 <4 49 22 
Thiopentone alone 20 43 25 +46 .25<P| 54 28 +41 05<P 
+ Pipamazine 0.25 63 35 <3 76 41 <.l 
Thiopentone alone 20 38 17 +108 P=.001 43 17 +110 P=.001 
+ Triflupromazine 0.5 79 23 90 22 


+ * Each mean time represents 20 administrations of thiopentone alone and with the test drug. 


and Purkin, 1960a). Its use should be reserved 
mainly for those situations where a potent anti- 
histamic effect is desired, as in diagnostic proce- 
dures under anaesthesia, in which radiopaque 
dyes (which cause histamine release) must be 
used. In combination with narcotics a more satis- 
factory sedation with promethazine is reported 
(Blundell et al. 1959). 

Triflupromazine (Vespral, Vesprin) is as effec- 
tive as chlorpromazine for potentiating thiopen- 
tone narcosis. It has also similar anti-emetic, anti- 
sialogogue ana psychosedative properties, but 
should be employed with due consideration for its 
cardiovascular effects (hypotension and tachy- 
cardia) (Moyer and Conner, 1958; Davies, Hansen 
and Angell, 1959; Belville, Bross and Howland, 
1959). 

Perphenazine (Fentazin, Trilafon) is a potent 
anti-emetic without significant cardiovascular 
depression and without significant hypnotic action 
(Dobkin, 1959). This study bears out the reported 
observation and indicates that this drug should be 
used mainly as an anti-emetic and neurosedative 
in association with anaesthesia. It also prevents or 
reduces epinephrine-induced myocardial irrita- 
bility which may be used to advantage during 


anaesthesia (Dobkin and Purkin, 1959; Dobkin, 
Donaldson and Purkin, 1959). 

Fluphenazine (Trancin), differs only slightly in 
chemical structure from perphenazine, having a 
trifluoromethyl radical instead of chlorine at the 
10 position of the phenothiazine structure. This 
change adds considerably to the sedative action. 
However, the potentiation of thiopentone hypnosis 
did not appear to be as reliable as those drugs 
discussed above. This drug is therefore used best 
as a neurosedative with anti-emetic properties. 

Thiopropazate (Dartalan) was a weak hypnotic. 
In the case of pipamazine (Mornidine) the hyp- 
notic action was enhanced by an alteration in the 
side chain of thiopropazate. However, both of 
these drugs should be reserved for application of 
their more potent neurosedative, anti-emetic, 
gastro-intestinal and antisialogogue effects 
(Mathews, 1958; Searle, 1958, 1959; Dobkin and 
Purkin, 1960b). 


SUMMARY AND CONCLUSIONS 


Seven series of crossover experiments were carried 
out on mongrel dogs to compare the potentiating 
effect on thiopentone narcosis by i 


promethazine, 
chlorpromazine, perphenazine, fluphenazine, thio- 
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propazate, pipamazine and triflupromazine. In the 
therapeutic dose range, it was found that prome- 
thazine, chlorpromazine and triflupromazine more 
than doubled the hypnotic effect of thiopentone. 
Fluphenazine caused an inconsistent increase in 
the hypnotic effect of thiopentone by approxi- 
mately 50 per cent, whereas perphenazine, thio- 
propazate and pipamazine caused only slight 
hypnotic potentiation. It appears from this study, 
and from clinical usage, that chlorpromazine and 
triflupromazine are the most useful agents for pre- 
medicants when potentiation of anaesthesia is 
desirable. The other drugs tested have other 
important attributes for which they should be 
reserved as adjuvants in clinical anaesthesia. 
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UNUSUAL PROLONGED UNCONSCIOUSNESS AFTER CARDIAC 
RESUSCITATION: A CASE REPORT 


LONG-TERM follow-ups of the neurological 
sequelae after cardiac resuscitation are not com- 
mon. The prognosis is bad in patients who remain 
unconscious for more than a few days in the post- 
resuscitative period. The case here described is 
rare, if not unique, in that the patient is alive in 
a decerebrate state some two years after apparently 
successful cardiac resuscitation. 


CASE REPORT 


Cc. W., a woman aged 40 years, was admitted on 
13.5.58 with three fibro-adenomatous tumours, two 
in the left and one in the right breast. All were about 
2 inches in diameter, Axillary lymph nodes were 
palpable. The patient was scheduled for removal of 
these fibro-adenomatous tumours on 14.5.58. On 
pre-operative examination the pulse rate was found 
to be 82 beats per minute, and the blood pressure 
was 160/70 mm Hg. Examination of the heart and 
lungs revealed no abnormality, Haemoglobin was 
10 g. per cent. Pre-operative medication consisted of 
phenobarbitone 60 mg given orally at 10 p.m. on 
13.5.58 and morphine 10 mg with atropine sulphate 
0.6 mg given intramuscularly 30 minutes before 
operation on 14.5.58. 


Anaesthesia was induced by a colleague using 400 
mg of 5 per cent thiopentone solution followed by 
suxamethonium 50 mg. After inflation of the lungs 
with oxygen, an orotracheal tube was passed and 
anaesthesia was maintained using nitrous oxide, 
oxygen and ether. After two of the fibro-adeno- 
matous tumours had been enucleated the author was 
informed that the radial pulse (which had been pal- 
pated a few minutes before) could not now be felt. 
Respiration had ceased and auscultation failed to 
detect heart sounds. Immediately manual cardiac 
massage was undertaken through a thoracotomy. 
Artificial respiration was started with oxygen through 
the endotracheal tube. After about 3 minutes of 
manual cardiac massage the heart beat returned, 
followed by the respiration. The blood pressure 
could be maintained at about 100/70 mm Hg with a 
noradrenaline intravenous drip. The pulse rate was 
120 beats per minute, and respiration was 24/min. 


Postoperatively the patient received dextran solu- 
tion containing noradrenaline intravenously and the 
systolic blood pressure was maintained at 100 to 110 
mm Hg. Oxygen was given by nasal catheter. 


Noradrenaline was discontinued after about 6 wes” » mei type of atrophy of 
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The patient never regained consciousness in the 
pomanenton period. She responded to painful stimuli 

y movements of the limb on the second day after 
cardiac arrest. Thick pulmonary secretions were trouble- 
some and had to be aspirated through a catheter passed 
into the trachea and bronchi under direct vision four 
or five’ times a day for the first three days and less 
often subsequently. Hyperpyrexia was a feature for 
about 30 days after resuscitation, the axillary tem- 
perature frequently rising to 104-105°F. This was 
controlled by hydrotherapy. Generalized convulsive 
seizures were present for 20 days after resuscita- 
tion and attempts were made to abolish them using 
sodium phenobarbitone 180 mg_ intramuscularly, 
calcium gluconate intravenously or paraldehyde. To 
reduce cerebral oedema 25 per cent glucose solution 
was administered intravenously. 

In order to lower the metabolic rate, control 
and convulsions, pethidine 25 mg, 
chlorpromazine 25 mg and promethazine 25 mg 
were given intramuscularly at 6-hourly intervals for 
a few days on and after 15.5.58. These injections 
were stopped later because the patient’s level of 
consciousness could not be ascertained, Secretions in 
the tracheobronchial tree accumulated which em- 
barrassed respiration. Various other drugs including 
nicotinic acid (100 mg daily), acetazolamide (250 mg 
daily), amphetamine tartrate (5 mg _ twice daily) 
were given at various times in the postresuscitative 
period without effecting significant improvement. 
Nutritional requirements were and stil] are met by 
the administration of a 3,000 calorie diet through a 
Ryle’s tube. To combat infection she is given 2.5—5 
lac units crystalline penicillin twice daily and, at 
intervals, a course of streptomycin (0.5 g. twice daily). 

She is now still unconscious, she moves her limbs on 

inching and occasionally moves her eyes and face 
in the direction of noise. She lies listless without 
speaking. Sometimes she makes a moaning noise. 
The limbs are kept rigid in a flexed attitude but 
become flaccid after passive movements of flexion 
and extension. The elbow jerks are exaggerated, the 
wrist jerks doubtful, the knee and ankle jerks normal, 
and the plantar reflex is extensor on both sides, The 
swallowing. micturition and defaecation reflexes are 
normal. 

The pulse rate now is 82-90 beats per minute; 
respiratory rate 22 cycles and minute; blood pressure 
110-120/75-80 mm Hg. The heart and lungs are 
normal. 

A pneumoencephalogram performed on 10.3.59 
suggested a markedly dilated ventricular system with- 
out much displacement, probably due to periventri- 
rain. 
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DISCUSSION 

Varying degrees of cerebral damage with conse- 
quent neurological sequelae take place depend- 
ing upon the time that elapses between cardiac 
arrest and effective cardiac resuscitation. If this 
time is longer than 3 minutes some degree of 
cerebral damage is very likely to take place. 
Other contributory factors influencing the 
prognosis are hyperpyrexia, convulsions, and the 
use of stimulant drugs in the postresuscitative 
period. Most of the fatal cases die within 24 hours. 
Some die within 6 days and a very few remain in 
a decerebrate state for a month or more. Progres- 
sive improvement, however, may take place in 
patients who survive longer. 

Presumably the most important factor in this 
patient was the time elapsing between cardiac 
arrest and efforts at resuscitation. Though the 
time between diagnosis and cardiac resuscitation 
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by manual massage was about 3 minutes, one or 
two vital minutes may have been lost before the 
diagnosis was made. Postresuscitative hyper- 
thermia and convulsions (which could not be 
entirely abolished) have no doubt contributed 
further towards cerebral damage by increasing 
the metabolic rate and consequently the demand 


for oxygen. 


SUMMARY 
A case is described of a patient who is still alive 
in a decerebrate state two years after restoration 
of the heartbeat following cardiac arrest at opera- 
tion under general anaesthesia. 
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A NEW PATIENT-TRIGGERED VENTILATOR: 
SOME CLINICAL APPLICATIONS 


BY 


DoNnALD CAMPBELL 
Glasgow Royal Infirmary, University of Glasgow 


AND 


T. C. DuGGan 
Regional Physics Department, Western Regional Hospital Board, Glasgow 


THE recent publication of an authoritative text- 
book on the subject (Mushin, Rendell-Baker and 
Thompson, 1959) has done much to stimulate 
interest in the use of mechanical ventilators in 
anaesthesia and in the treatment of patients with 
respiratory failure. The purpose of the present 
paper is to describe a “patient-triggered” 
ventilator and to illustrate, from cases we have 
treated in recent months, the special contribution 
which a machine of this type may make in 
clinical work. 


DESCRIPTION OF VENTILATOR 


The ventilator is a further modification of the 
ventilator described by Donald and Greer (1958). 
The present machine (fig. 1) follows the same 
principles of operation, delivering a fixed volume 
of air or anaesthetic gases and is time or patient 
cycled, operating on whichever signal comes first. 
A wider range of control has been achieved by 
incorporating transistorized timing circuits 
similar to those used in a constant pressure venti- 
lator for resuscitation of neonates (Greer, 1958). 
Also incorporated is a short negative phase 
immediately following the inspiratory portion of 
the cycle. During this period the trigger 
mechanism is inhibited by a paralysis circuit. 
The latest development of the trigger-unit 
(fig. 2) makes it possible to initiate delivery on 
inspiratory efforts producing a pressure difference 
of less than 1 cm H,O. 


Nondistensible tubing has been used in the 
delivery side of the machine to avoid the pres- 
sure losses resulting from the use of the standard 
corrugated type. All parts of the apparatus 
connected directly to the patient are isolated from 
the rest of the machine by a “germ barrier” and 
these can be removed easily for sterilization 
(fig. 3). Additional features for extended opera- 
tion include a mucus trap, a simple humidifier 
and a powerful suction system for aspiration of 
secretions. In the event of a power failure, the 
machine “fails safe” and the patient can continue 
to breathe spontaneously to the atmosphere 
against a negligible resistance. Provision for 
manual control of ventilation includes a calibrated 
bellows, for resuscitation with air only, and a 
standard reservoir bag in the anaesthetic 
circuit, either of which can be used without delay. 

The ventilator is normally used in a non- 
rebreathing circuit and, with this connection, 
the minute volume delivered is limited in 
principle by the rate of supply of fresh gases. In 
the present machine, however, the capacity of 
the pump unit, providing the supply of com- 
pressed air to drive the delivery bellows, limits 
the minute volume to approximately 12 litres. A 
summary of the characteristics of the ventilator 
is shown in table I. 

In order to assess the performance of this 
ventilator, when used in different types of clinical 
work, well-known techniques for measuring 
respiratory pressures and volumes have been 
used (Hill, 1959). 
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Fic. 1 
The patient-triggered ventilator. 


(1) Motor-compressor unit and air reservoir. 
(2) Negative pressure reservoir and control valve. 
(3) Bacterial filter. 
(4) Expiratory flap valve. 
(5) Photo-electric trigger unit. 
(6) Expiratory port. 
(7) Delivery port 
(8) Safety valve and pressure chamber enclosing delivery bellows. 
(9) Air or anaesthetic gas input valve. 
(10) Air inlet valve for manual circuit. 
(11) Calibrated hand bellows for manual circuit. 
(12) Delivery volume and pressure controls. 
(13) Aspiration bottle. 
(14) Automatic time-cycling control and trigger sensitivity control, 
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Fic. 2 
Exploded view of trigger unit. 


(1) Phototransistor. 

(2) Light source. 

(3) Upper part of trigger unit (shown inverted). 
(4) Lower part of trigger unit. 

(5) Opaque terylene flap. 


Small inspiratory efforts lift the terylene flap and 
interrupt the beam of light falling on the phototran- 
sistor. This initiates the delivery phase. 


A NEW PATIENT-TRIGGERED VENTILATOR 


TABLE I 
Summary of ventilator 


Fic. 3 


Machine airways dismantled prior to sterilization. 


(1) Connection to delivery bellows. 

(2) Humidifier. 

(3) Mucus trap. 

(4) Connection to trigger unit. 

(5) Bacteria filter to protect negative pressure circuit. 
(6) Connection to negative pressure control valve, 
(7) Expiratory flap valve. 
(8) Connections to patient. 


performance. 


Triggering rate ... 


Minute (delivery) volume 


see eee § tO 40 cycles / minute 
Delivery volume to 800 ml/cycle 


. Up to 12 litres/minute (on present model) 


Delivery pressure... ... ... 0 to 30 cm water (maximum limited by relief valve) 
Inspiratory time ces see eee 0.5 to 2 seconds (controlled by needle valve) 
Expiratory time... ... ... ... | to 10 seconds 
Negative pressure... ... ...0 to 10 cm water (adjustable as required) 
Negative phase ... ... ...  ...0.5 to 2 seconds 
Trigger sensitivity ... ... ... Operates on pressure differences of less than 

1 cm water 


CLINICAL USE OF THE VENTILATOR 


There are three groups of patients in whom this 
machine has proved most useful. 


These are: 

(1) Patients with respiratory inadequacy in the 
postoperative period. 

(2) Patients with respiratory failure in the 
medical wards, in whom the main problem 
is inadequate ventilation. 

(3) Patients with respiratory insufficiency who 
must undergo surgery for some unrelated 
disease. 


Group 1 
Cases of this nature have been reported frequently 


in the literature (Auld 1956; Campbell, 1959; 
Moir, 1960; Young, 1959). The following case 
report describes a recent example of respiratory 
failure following an emergency surgical pro- 
cedure, where an underlying respiratory disorder 
was probably responsible for difficulty in attain- 
ing adequate ventilation in the immediate post- 
operative period. 

The patient was a female aged 62 years, suffering 
from severe abdominal pain and frequent vomiting of 
24 hours duration. She had had pneumonia as a child 
and of late years had suffered from chronic bron- 
chitis. The patient had a cerebrovascular incident in 
1952 from which she fully recovered. Following 


investigation in 1958 for a complaint of dyspepsia a 
small diaphragmatic hernia was found. A_ partial 
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gastrectomy was carried out in 1959 following a 
period of dyspepsia and melaena unimproved by 
medical treatment. A mild blood transfusion reaction 
occurred at this time. Renal function was poor during 
the first few days after the operation. 

Abdominal examination suggested that a perfora- 
tion of the upper alimentary tract had occurred. A 
marked kyphoscoliosis and a fixed pigeon-chest type 
of deformity was present. There was evidence of 
a emphysema and basal crepitations were 

rd. 


The pulse rate was 96 per minute and the rhythm 
was regular. The blood pressure was 119/75 mm Hg. 
The heart sounds were of good quality. No murmurs 
were audible. 

Operation and anaesthetic, Premedication consisted 
of morphine sulphate 10 mg and atropine sulphate 
0.65 mg given | hour before operation, No undue 
depressant effect was noted from these drugs at the 
time of induction, Anaesthesia was induced with thio- 
pentone sodium (5 per cent) 300 mg and gallamine 
100 mg., and the patient was inflated with nitrous 
oxide and oxygen (6 and 2 litres per minute). A 
No. 9 cuffed endotracheal tube was introduced. A 
stomach tube had been passed and gastric contents 
aspirated prior to induction. Nitrous oxide and 
oxygen (3 and 1 litres per minute) were used to 
maintain anaesthesia, and ventilation was carried out 
manually using a Water's canister in circuit. A total 
dose of 200 mg of gallamine tricthiodide was required 
for adequate muscular relaxation throughout the 
procedure which lasted 14 hours. A repair of a per- 
forated stomal ulcer was carried out. Some difficulty 
was encountered in maintaining ventilation due to 
the poor lung-chest wall compliance but the blood 
pressure and heart rate remained at the pre-operative 
levels throughout the operation. At the termination 
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of the anaesthetic a thorough endobronchial toilet 
was carried out, Following atropine sulphate 1.3 mg 
intravenously, neostigmine 2.5 mg was given intra- 
venously in divided doses. Initially spontaneous 
respirations were shallow and associated with 
“tracheal-tug” but this improved and after a period 
of observation the patient was returned to the ward 
in an apparently satisfactory condition. 

3 hours after operation. The patient was found to 
be comatose with profuse sweating, general vaso- 
dilatation and peripheral cyanosis. The pulse rate 
was 140 per minute, and the blood presure 130/90 
mm Hg. The respirations were rapid and shallow. An 
oral endotracheal cuffed tube was inserted and 
tolerated readily. Assisted ventilation was instituted 
with nitrous oxide and oxygen (4 and 4 litres per 
minute), Intermittent intravenous injections of 
nikethamide produced temporary improvement in 
ventilation but there was no improvement with 
further atropine and neostigmine. Hyperventilation 
with soda lime in circuit produced an improvement 
in the patient’s colour accompanied by apnoea, 

14 hours after operation. Despite continued attempts 
at resuscitation, the patients condition had deterio- 
rated with deepening coma and inadequate respiration. 
Analysis of arterial blood at this time revealed: 

H 7.32 at 38°C; Pco, 44 mm Hg; standard bicar- 

ynate 22.5 mm/I. 

A tracheostomy was carried out under local anal- 
gesia and a No. 9 Radcliffe type tube inserted, The 
patient-triggered ventilator, having been sent for 
earlier, was now brought into use. It was set to 
deliver air only at the patient’s predicted tidal volume 
of 430 ml at a preset rate of 16/min, with the trigger 
in operation. A peak inflation pressure of +25 cm 
H,O was used. The ventilator is shown in use at this 
time in figure 4 


Fic. 4 
The patient in case 1, still unconscious after operation, being assisted by 
the ventilator. 
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16 hours after operation. After 2 hours of assisted 
ventilation a further arterial blood sample was taken 
with the following result: pH at 38°C 7.37; Peco, 
39 mm Hg; standard bicarbonate 21 mm/I. Oxygen 
saturation was 87 per cent, 

The patient was now rousable and appeared to 
understand simple questions. The blood pressure was 
now 110/70 mm Hg and the pulse rate 120/min. A 
portable radiograph at this time showed no evidence 
of atelectasis or consolidation of the lungs. Frequent 
bronchial toilet, via the tracheostome, was carried out 
and antibiotics were administered prophylactically. 

19 hours after operation. An attempt was begun 
to “wean” the patient from the ventilator, assisted 
by respiratory stimulant drugs in the form of an 
intravenous infusion of normal saline with niketha- 
mide and aminophylline added. This was unsuc- 
cessful at first and weaning was not finally completed 
until 48 hours after operation. 

During the first 36 hours after the operation, the 
total urimary output was only 365 ml and vigorous 
intravenous therapy with hypertonic fluids was 
necessary to avoid complete renal failure. 

36 hours after operation. The patients general con- 
dition was still poor although clinical signs of hypoxia 
and carbon dioxide retention had _ disappeared. 
Evidence of a low serum calcium was observed, both 
a positive Chvostek’s sign and carpopedal spasm being 
present. Biochemical examination revealed: blood 
urea 169 mg/100 ml; chlorine 100 m.equiv/litre; 
sodium 143 m.equiv/litre; alkali reserve 25 m.equiv/ 
litre; calcium 8.3 m.equiv/litre; inorganic phosphate 
5.8 m.equiv/litre; alkaline phosphatase 7.0 K.A. units. 

A total of 700 mg calcium gluconate was given 
intravenously in the next 24 hours with complete 
disappearance of the clinical signs of tetany. 

40 hours after operation. An arterial blood sample 
was taken with the following result: pH 7.37 at 38°C; 
Pco, 35 mm Hg; standard bicarbonate 20.1 mm/L,; 
oxygen saturation 87 per cent. 

84 hours after operation. The patient was now 
completely conscious and fairly co-operative (fig. 5). 


Fic. § 


The patient is now conscious and weaned from the 
ventilator. A cuffed tracheostome tube is still in situ. 
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The urinary output, although still low, was improv- 
ing steadily and the blood urea falling. She had now 
developed a respiratory infection which was treated 
actively by frequent endobronchial toilet and 
antibiotics. Daily radiographs revealed only conges- 
tive changes in the lung fields but no areas of con- 
solidation, 

Sth to 12th day after operation. The patient com- 
pletely recovered from her respiratory infection. 
There was no obvious evidence of residual cerebral 
damage. The Radcliffe type tube was replaced by a 
metal one to facilitate the weaning of the patient from 
the tracheostome. 


Comment. 

In this case, the ventilator was used to reverse 
the patient’s respiratory acidosis, by augmenting 
her own inadequate respiratory effort, during a 
critical period in her postoperative recovery. She 
had been deteriorating despite the manual 
assistance used initially. The case is also inter- 
esting in that recovery was complete despite the 
added complications of calcium tetany and 
threatened renal failure. 


Group 2 

During the winter months, the medical wards in 
a city hospital house a large number of patients 
with longstanding chronic pulmonary disease, 
admitted with varying degrees of respiratory 
failure precipitated by an acute infection. In a 
number of these patients some form of mechani- 
cal assistance is indicated, when the “chemical 
method” of treatment alone is not sufficient 
(Arnott, 1960; Hugh-Jones, 1958a, b). A 
triggered ventilator is invaluable for this form of 
treatment, used often in conjunction with respira- 
tory stimulants and bronchodilator drugs. The 
ventilator can be used continuously or inter- 
mittently until medical treatment has overcome 
the acute infection and the status quo is regained. 
A tracheostomy with a Radcliffe type of cuffed 
tube is essential. 

The following case illustrates this method of 
treatment. 


A male patient, aged 56 years, was admitted in 
November 1959, suffering from chronic bronchitis, 
basal bronchiectasis, generalized emphysema and cor 
pulmonale. At first the patient was treated for con- 

stive cardiac failure and a mild acute respiratory 
infection. 


Subsequent progress and treatment: 


3.11.59. The patient’s condition deteriorated and 
auricular flutter was diagnosed, He became dyspnoeic, 


cyanosed and eventually comatose. Twitching of the 
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facial muscles was observed. He was treated with 
antibiotics, digoxin, aminophylline and broncho- 
dilator drugs. Bronchoscopy with endobronchial toilet 
was performed to remove copious foul sputum. 
Intermittent oxygen was administered and his con- 
dition improved to the extent that he regained 
consciousness, 

4.12.59. The weather became very foggy over the 
city and his condition rapidly deteriorated. His 
respiratory infection flared up and ventilation again 
became inadequate. He became deeply comatose. A 
tracheostomy was performed and a cuffed Radcliffe 
tube inserted. A Bird Mark 7 ventilator was brought 
into use delivering oxygen. Frequent endobronchial 
toilet was carried out and respiratory stimulation was 
attempted with aminophylline and nikethamide. 

8.12.59. The patient was drowsy but his general 
condition improved. The new “patient-triggered” 
apparatus was used from this time until the end of 
the treatment. Air/oxygen mixtures were used at first 
and then air alone. 

17.12.59. Use of the ventilator, which had only been 
required intermittently for the previous few days, 
was finally discontinued. The main points in the 
patient’s treatment and relevant biochemical analysis 
are shown in table II. 

After a prolonged and stormy convalescence the 
patient was discharged from hospital with the 
tracheostome healed. 


Discussion. 

This patient, severely ill with respiratory 
failure, responded initially to medical treatment 
alone but this proved insufficient to maintain 
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adequate ventilation. He was kept alive by 
assisted ventilation through the critical period 
when his acute respiratory infection was at its 
height. 
Group 3 

Crampton-Smith and Spalding (1959), working 
with paralyzed patients under treatment with 
mechanically controlled ventilation, use the 
mean oesophageal pressure as an index of 
obstruction to venous return to the right heart. 
They demonstrate the beneficial effect of a 
negative phase, applied during expiration, in 
reducing the mean oesophageal pressure. A 
similar reduction during assisted ventilation, 
employing the “patient-triggered” apparatus, has 
also been demonstrated during our investigations 
(fig. 6). 

Maaual assisted ventilation has largely been 
abandoned in anaesthetic practice. This is mainly 
due to the technical difficulty of carry:ng it out 
without hypoventilating the patient or hyper- 
ventilating, with resultant control of respiration. 
The method to be described is an application 
of this technique made practicable by the use of 
a machine with a sensitive trigger mechanism. 
Accurately assisted ventilation of this type has 
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Biochemical data of the patient illustrating the use 
of the ventilator in medical treatment. 


Arterial 
blood 
Date pH Pco, Remarks 

12.11.59 7.38 72 During this period the patient was treated medically 

18.11.59 7.42 53 with antibiotics, etc., and endobronchial aspira- 

2.12.59 7.38 60.5 tion of secretions. 

4.12.59 Condition deteriorated; patient comatose; tracheos- 
tomy performed; ventilation begun with Bird 
Mark 7 machine. 

5.12.59 7.37 58 

7.12.59 New “patient-triggered” ventilator used from here 
delivering air oxygen mixtures (varying from 
25 to 100 per cent oxygen). 

8.12.59 7.45 53 Progressive improvement. 

9.12.59 7.45 54 

9.12.59 7.40 56 

12.12.59 Assisted ventilation discontinued. 

14.12.59 7.35 80 Patient’s condition relapsed and he became drowsy. 
He responded to medical treatment and did not 
require further assistance to ventilation. 

17.12.59 7.43 59 Patient’s condition satisfactory; breathing spon- 


taneously via tracheostome. 
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Tracheal and oesophageal pressures from normal male adult undergoing assisted ventilation 
by the patient-triggered apparatus. 

1A and 1B: Patient-trigger nonoperative. The machine’s cycle is out of phase with the patient's 

own efforts and the mean oesophageal pressure is positive. 

2A and 2B: Patient-trigger operative and the machine cycled by the patient's small spontaneous 

efforts. The mean oesophageal pressure is reduced from that in 1B. 

3A and 3B: Patient-trigger and negative phase both in operation. The mean oesophageal 

pressure is negative. 
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definite advantages to offer in the anaesthetic 
management of patients with respiratory disorders 
and in particular those with chronic emphysema. 
It is well known that the application of a negative 
phase during the expiratory part of the cycle, in 
a curarized emphysematous patient, can be harm- 
ful since it may lead to collapse of the diseased 
bronchioles and an increase in the “trapping” 
phenomenon. This effect is minimized if assisted 
respiration is employed. In retaining some spon- 
taneous respiration, the anaesthetist has a 
valuable index of the patient’s response to the 
inhaled gas mixture and postoperative difficulties 
with the apnoeic patient are avoided (Nunn, 
1958). Contrary to general belief, it has also been 
found that adequate relaxation can be produced, 
even for major abdominal surgery, with much 
smaller doses of muscle relaxant drugs than are 
required in conventional techniques. With this 
ventilator, all the well-known advantages of a 
nonrebreathing system are obtained (Sykes, 1959). 
This technique is not difficult to carry out and 
we feel that it avoids the use of more difficult 
methods in these patients, as for example spinal 
epidural anaesthesia (Bromage, 1954), which have 
a high failure rate in the hands of any but the 
most expert. 

The following case illustrates the method in 
use. 


A male, aged 65 years, had been treated for two 
years for pulmonary tuberculosis. He was transferred 
to the surgical wards for removal of an enlarged 
prostate. 

In the years 1914 to 1918 he was treated for rheu- 
matic fever and malaria, and in 1930 he was treated 
for angina of effort. Myocarditis was diagnosed in 
1950. The patient was treated in hospital for lobar 
pneumonia in 1958 and for active pulmonary tuber- 
culosis from 1958 to 1960. 

The patient had a productive cough and was 
breathless on moderate exertion. Chest expansion 
was poor with marked asymmetry of the chest wall. 
There was widespread fibrosis in the left upper zone 
with some softer peripheral regions. This was thought 
to be associated with pulmonary tuberculosis but there 
was no evidence of activity. 


Pulmonary function tests: 


1208 ml 

Indirect M.V.V. 48.3 1./min 93 L/min 
(predicted value) 

F.V.C. 2513 ml 3100 ml 
(predicted value) 

Peak flow 209 1./min 


The tests showed a moderate impairment of venti- 
lation of the type associated with airway obstruc- 
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tion, in keeping with the clinical assessment of 
chronic bronchitis and generalized emphysema. 

The pulse was 76 per minute, regular, and of good 
quality. The blood presure was 150/80 mm Hg. The 
heart sounds were of fair quality and no murmurs 
were audible. 

A transvesical prostatectomy was _ performed 
taking 1 hour and 35 minutes anaesthetic time. 

Anaesthetic technique. Pethidine hydrochloride 
100 mg and atropine sulphate 0.65 mg were given 
subcutaneously 1 hour before operation. Anaesthesia 
was induced using thiopentone sodium (5 per cent 
solution) 350 mg and gallamine 60 mg. Respirations 
were assisted manually with nitrous oxide and oxygen 
(6 and 2 litres per minute). A Macintosh laryngo- 
scope was inserted and both pyriform fossae, the 
glottis and cords were thoroughly sprayed with 4 per 
cent lignocaine hydrochloride topical solution. 
Following further manually assisted respiration, a 
No. 10 cuffed endotracheal tube was inserted without 
difficulty and the cuff inflated. 

During maintenance the patient was connected to 
the “patient-triggered” ventilator and all further 
assistance was carried out by this machine, delivering 
nitrous oxide and oxygen. The machine was set to 
the patient's predicted tidal volume of 480 ml at a 
preset rate of 18 per minute, the trigger mechanism 
being in operation. A peak inflation pressure of +25 
cm H,O was used throughout the procedure. No 
negative phase was employed. 

One supplementary dose of gallamine (10 mg) and 
two doses of pethidine (15 mg and 10 mg) were 
required during the operation. Spontaneous respira- 
tion was retained throughout the procedure, The 
blood pressure maintained the pre-operative level 
of 150/80 mm Hg. On discontinuing the anaesthetic, 
the patient awakened quickly and, although ventila- 
tion appeared adequate, atropine sulphate 0.65 mg 
followed after an interval by neostigmine 0.5 mg was 
given. A total blood replacement of 500 ml was 
required. 


Discussion. 

The surgeon commented favourably on the 
degree of muscular relaxation obtained in this and 
other cases, no difficulty being found in exposure 
or in wound closure. Particular mention was made 
of the absence of oozing of blood at the skin edges 
and in the deep layers of the wound. The patient’s 
subsequent progress was uneventful. 


SUMMARY 

A new “patient-triggered” ventilator is described. 
The possible role of such machines is indicated 
in the treatment of patients whose effective 
alveolar ventilation is temporarily reduced. An 
anaesthetic technique, employing this triggered 
ventilator, is briefly described. This method, in 
our opinion, avoids many of the difficulties 
encountered in the management of severely 
emphysematous patients during operation and in 
the immediate postoperative period. 
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A NEW MECHANICAL VENTILATOR 


BY 


T. H. 
Royal Free Hospital, London, W.C.1 


Tue use of the machine in anaesthesia is begin- 
ning to enjoy the status of an established tech- 
nique, where conditions of apnoea prevail, as well 
as for resuscitative and therapeutic purposes. 

Mushin (1959) states that: “It is not new 
machines that are needed, but a better under- 
standing of those already available”. If this advice 
is followed and the machines already available are 
investigated, it becomes apparent that many fall 
short of an adequate standard and cannot always 
be modified to comply with our present concepts 
of pulmonary and circulatory physiology. 

It is clear that a ventilator should display cer- 
tain essential features before it may be considered 
satisfactory for general use. Many of these features 
have been recognized for some time, while up-to- 
date criteria are advocated by several recent 
writers (Rochford, Welch and Winks, 1958; 
Mushin, Rendell-Baker and Thompson, 1959; 
Wylie and Churchill-Davidson, 1959) and are 
reviewed by the present author in a further article. 

The machine now described has been devised 
as simply and cheaply as possible consistent with 
ensuring the essentials of an adequate intermit- 
tent positive pressure ventilator and purports to 
satisfy most demands in clinical practice. 


GENERAL DESCRIPTION 


The machine is a device for converting a constant 
supply of source gas into an intermittent outflow 
at positive pressure. While the outflow is shut off, 
the source gas accumulates by distending a con- 
certina bag under spring tension. When sufficient 
distension has occurred, a toggle mechanism is 
activated to begin the (inspiratory) outflow to the 
patient. The rate of flow is regulated by a pres- 
sure-reducing valve in the inspiratory port; a 
pressure-limiting valve is incorporated as a safety 
precaution. The flow continues until the bag falls 
sufficiently to re-activate the toggle in the opposite 
direction, so as to occlude the machine outflow 
and permit refilling of the bag while the lungs 
expire. 


* Formerly of Barnet Group Hospitals. 
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As the cycling of the apparatus depends on the 
volume of gas in the concertina bag, it may be 
termed, generically, volume cycled. Mapleson 
(1959) has recently reviewed the terminology of 
mechanical ventilators and an interpretation of his 
classification is applied to the present machine: 

Inspiratory phase: pressure generator—con- 

stant pressure. 

Expiratory phase: constant zero “generated” 

(pressure). 

Inception of inspiration: volume determined. 

Inception of expiration: time determined. 

Supplementary volume (generated) flow during 

inspiratory phase. 
Mapleson considers the type of expiratory phase 
here shown as being due to a “very good design”. 


LETAILED DESCRIPTION 


Figures 1 and 2 display the essence of the appa- 
ratus. The source gas (2) is lead into a concertina 
bag of the machine (1). The supply should be at 
a constant flow as is the case when gases flow 
through the flowmeters of an anaesthetic machine. 
The pressure of the source is not critical but irre- 
gular flow will reflect in the cycling. 


The inspiratory phase. 

The source gas distends the bag (1) on its twin 
swinging arms (15) so that it rises in a gentle arc. 
Fixed by swivel bearings (18) on top of the bag 
is a lever (19) whose short arm ascends to abut 
with the bottom of the vertical screw plunger (21). 
The depth of the plunger limits the bag’s ascent, 
and by altering its position, the ventilating 
volume may be preselected from between 
200-900 ml. 

The bag pressure is achieved by twin coil 
springs (22) whose tension does not vary much 
over a fair range of bag movement, as they are 
attached toward the swivel of the arms, and do 
not normally stretch more than 1 cm. When the 
bag is raised the short arm of the lever abuts on 
the plunger (21) and any further rise of the bag 
depresses it. This results in a much magnified 
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Fic. 1 
Diagram of machine circuit. 
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Fic. 2 
Diagram of the working parts of the apparatus. 
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elevation of the long arm which is fixed, by way 
of the swivel linkage (23), to a cross bar (24) con- 
necting the twin arms (25) of the toggle mechan- 
ism. The toggling lever (27) makes a slotted 
bearing with the valve piston brace (29) and rests 
normally in the down position (expiratory). When 
the long arm of the bag lever (19) elevates the 
twin toggle arms (25) past the critical point, the 
toggle springs (30) suddenly sweep the toggle 
lever (27), with the piston brace of the valve, into 
the upper, inspiratory, position. Thus the volume 
in the bag can be preselected to activate the 


inspiratory phase. 


The valve system. 

For simplicity, a piston slide valve is used. In 
the present model it is made from methyl metha- 
crylate (Perspex). The outer cylinder (5) has 
two ports on each side which communicate as 
either upper or lower channels according to the 
position of the aperture (5b) in the central slide 
or piston (5a). Correct alignment is ensured by 
the bearing of the piston brace with the toggle 
lever. This valve system is the only part of the 
machine that requires special care in tooling. The 
piston should bear closely inside the cylinder and 
is polished with silicone to facilitate lubrication. 
There are several varieties of valve that can be 
used with this toggle arrangement but the one 
described was chosen for its simplicity. A loose- 
fitting piston permits some leak of gas but this 
does not affect the working of the device nor its 
physiological properties. 

Any noise that the apparatus makes derives 
from the impact of the piston brace on the upper 
and lower ends of the valve cylinder. It can be 
made negligible by the insertion of foam rubber 
washers. The valve is supported by a vertical bar 
fixed to the base of the machine. 


The toggle system. 

The factors influencing the sensitivity are the 
tension in the toggle springs (30), the position of 
attachment of the springs on the toggle lever (27), 
and the weight of the valve piston (5a). The 
higher the spring tension, the snappier will be the 
toggle effect and the louder the noise tendency. 
The closer the attachment of the toggle springs to 
the distal end of the lever, the more sensitive 


will be its action. 
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The machine pressures. 

When the inspiratory phase begins, the gas, at 
pressure in the bag, is connected to the lungs via 
the pressure-reducing valve (8). The bag pressure 
depends on the tension of the bag springs and the 
added tension of the bag lever return spring (not 
labelled). The combined pressure should be such 
that at the end of the bag fall (the end of inspira- 
tion) the remaining pressure is greater than that 
which is required to supply the lungs with the 
selected volume via the pressure-reducing valve 
(8) in the patient circuit. An adequate bag pres- 
sure will be in the order of 50-60 cm H,O, as 
this can be expected to fall off to about 20-30 
cm H,0O at the end of inspiration. The reason for 
this is that if the reducing valve (8) is set to give 
long inspiratory times (e.g. 2 sec) the outflow of 
the inspiratory gas will be so slow that the final 
bag pressure reaches the inflating pressure, say 15 
cm H,0O, and flow will tend to stop. 

A pressure-limiting valve is located (9) on the 
patient side of the reducing valve which opens at 
30 cm H,O during normal working conditions. It 
is adjustable for higher pressures and for use with 
manual control. 


The inspiratory period. 

The pressure-reducing valve (8) imposes a 
selected resistance on the bag outflow to the 
patient. This results in a slowing of its speed and 
is adjustable by turning the vertical screw 
in the appropriate direction. The valve (8) 
also serves, then, as an inspiratory time regulator. 
With wide openings an interval of 0.2 sec is 
achieved, whilst by imposing a high resistance to 
flow times up to 2 sec are attained. 


The expiratory period. 

The timing of this period is dependent on the 
flow rate of the source gases and the ventilating 
volume selected. Thus the higher the flow rate 
and the smaller the volume selected, the shorter 
will be the expiratory period. The exhaustion of 
gas is rapid as it flows out through wide-bore 
channels. The change over to this phase is abrupt 
due to the snap action of the toggle. The expira- 
tory exhaustion (which should be rapidly com- 
pleted) is not to be confused with the expiratory 
period, or phase, which comprises the interval 
between the end of one inspiration and the begin- 
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ning of the next. That is to say, expiratory period 
equals expiratory exhaustion plus expiratory 


pause. 


Inspiratory/expiratory ratio. 
This can be arranged from 1:1 to 1:5 or more. 


Manual control. 

By fixing the valve piston in the inspiratory 
position and including a rebreathing bag into the 
patient circuit, manual control is readily available. 


Negative phase. 

The attachment (fig. 3) shows a simple means 
of arranging negative pressure. Suction is constant 
from source but only effective after spontaneous 
expiration is complete and negative pressure is 
not suddenly developed. A pressure-limiting valve 
(33) limits the amount of suction to safe levels. 
The bulk of spontaneous expired gas passes 
through valv> (32) which is of very low resistance. 
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Fic. 3 
Diagram showing negative phase attachment. 


Use in closed circuit. 
The apparatus may be cycled using an air 
pump, and the “bag in bottle” method (fig. 4) 


6 38 
Fic. 4 


Diagram showing ventilator in use with a 
standard closed circuit (circle) arrangement. 
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FUNCTIONAL ANALYSIS 
The airway pressure curves (figs. 5 and 6) show 
that the pattern closely resembles the ideal. The 
inspiratory pressure mounts quickly and then falls 
abruptly to atmospheric in expiration. There is no 
“plateau” effect and sufficient pause follows 
exhaustion. 


Fic. 5 


Pressure tracings recorded on a Smith-Clarke standard 

test unit (artificial test lung). Volume 400 ml; 

pressure 14 cm H,O; inspiration 0.5 sec; expiration 

3.5 sec. Expiratory exhaustion was complete after 
0.27 sec. (Tune marker: 0.25 sec.) 


Fic. 6 
Pressure tracings were taken from the carina and 
transmitted by thin plastic catheter to produce deflec- 
tions on the screen of a cathode ray oscilloscope. The 
pattern was simultaneously photographed by cine- 
camera. The patient was a 66-year-old male, who was 
healthy for his age. Anaesthetic: thiopentone 300 mg, 
pethidine 35 mg, nitrous oxide and oxygen, gallamine 
120 mg. Operation: left inguinal hernia. Volume 500 
ml (Wright’s anemometer); pressure 14 cm H,O; 
inspiration 0.8 sec; expiration 3.0 sec. Expiratory 
exhaustion was complete after 0.8 sec. This longer 
period (cf. figure 5) is due to patient resistances and 
reflects the true pressure states at carinal level. 
Recordings taken at the mouth or the expiratory 
tubing of the machine will show a more rapid fall 
similar to that of figure 5. (Time marker: 0.1 sec.). 


As the device is volume regulated in the incep- 
tion of the inspiratory phase, the ventilating 
volume is constant; the inflation pressure varies 
with the inspiratory time setting and the patient’s 
compliance. Thus changes in the compliance of 
the lung may be constantly monitored provided 
the inspiratory time setting is not altered. Maxi- 
mum instantaneous (peak) flow rates of 120 
litres/min were recorded using a Wright’s peak 
flowmeter. 
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Fic. 7 
Photograph of the encased ventilator. The front door leads to a storage 
compartment for all tubing and attachments. The side door permits 
inspection of the valve mechanism. 


Photograph of the working parts of the machine. 
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A NEW MECHANICAL VENTILATOR 


An approximate indication of the ventilating 
volume may be gained by calibrating the concer- 
tina bag movement, while accurate measurement 
may be made with an anemometer or spirometer 
attached to the expiratory port. 

The tubing is smooth lined, wide-bore and 
nondistensible. The internal diameter of all chan- 
nels leading from lung to atmosphere should be 
at least 15 mm and overall resistance at flow rates 
of 30 litres/min should not exceed 2 cm H,O. 


SUMMARY 


A new mechanical ventilator is described of 
the “volume cycled” variety. The ventilating 
volume is adjustable between 200 and 900 ml. 
The inspiratory period is adjustable between 0.2 
and 2.0 sec and the inspiratory/expiratory ratio 
is from 1:1 to 1:5. The apparatus is light and 
portable, nonexplosive and almost noiseless. It is 
powered by the pressure of source gases (which 
should exceed 0.05 atmospheres). Negative phase 
and manual control are easily switched in. The 
respiratory pressure pattern closely resembles the 
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accepted ideal. The estimated cost of the machine 
will be approximately £70 to £90. 

Figures 7 and 8 show the actual appearances of 
the ventilator. The dimensions of the machine 
may be compared with the standard Magill reser- 
voir bag, shown in one position for manual use. 
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Exposés d’anesthésiologie a l’usage des praticiens 
et des étudiants. (Premiere série.) By P. 
Huguenard and Jaguenoud. Published by 
Masson et Cie, 120 Boulevard Saint- 
Germain, Paris. Price 23NF. 


Any student contemplating facing examiners, 
if he can read French (and if not it would 
be well worth learning to read it), could face such 
an ordeal with the utmost equanimity if he had 
acquainted himself with the contents of this book. 
Here there is a glossary telling us the meaning of 
the terms used; here is an example of how to 
write a commentary on a “case”; here are put out 
the problems posed to the anaesthetist when faced 
with the task of anaesthetizing a diabetic, an 
urgent abdominal, a bad burn, a brain tumour or 
a diseased gall bladder. What more can the 
student want? However, there is much more: 
some pharmacology; some physiology; some notes 
on techniques; the kind of questions asked at the 
examination for the post of assistant anaesthetist 
in hospital and the rules for entering such exam- 


BOOK REVIEW 


ination. The possession of this book will enable 
the owner to have at hand all that he would other- 
wise have to spend hours in looking for in 
innumerable varied sources; a valuable saving of 
time which will more than compensate for the 
price of the book. 

This first series is followed by a second, which 
runs on much the same lines. There is no glossary 
but the list of synonyms is repeated, followed by 
nine types of cases with which the anaesthetist 
will find himself confronted. Here we find the 
special problems likely to be met with in anaes- 
thetizing the very young, the very old, the 
shocked, the alcoholic, and those suffering from 
some deficiency of the pulmonary, renal and cir- 
culatory systems. Then follow sections dealing 
with pharmacology and physiology, and finally 
some notes on tracheotomy, artificial respiration, 
and the prevention of bleeding. The student, the 
practising anaesthetist, the teacher, and the 
examiner will all find their respective tasks easier 


from a careful perusal of these two volumes. 
E. Falkner Hill 
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THE ADELAIDE RESPIRATOR 


SHEILA KENNY AND MICHAEL LEWIS 
Adelaide Hospital, Dublin, Eire 


Tuis is a portable and cheap respirator which 
provides positive and negative pressures, and 
variable respiratory patterns to suit individual 
requirements. It fits on the lower shelf of a 
standard Boyle trolley (fig. 1), and is silent in 
operation. It may be used as a volume or pressure 
controlled machine. 


Fic. 1 


The Adelaide respirator on lower shelf of the Boyle 
trolley. 


The following basic requirements were con- 
sidered essentials when designing this machine: 

Subatmospheric (“negative”) as well as 
positive pressure ventilation. 

Adequate reserve of volume, speed and pres- 
sures for any routine working, the limits being: 


Speed, 12-40 respirations per minute. 
Volume, 200-1,400 ml. 

Positive pressure, 0-30 cm H,O. 
Negative pressure, 0-20 cm H,O. 


Silence in operation. 

Portability. The overall measurements of this 
machine are 23 in. by 15 in. by 15 in. high, and 
the weight 60 Ib. 

Suitability for use as a controlled volume or 
pressure machine. 

Production of any selected respiratory pattern, 
and full control of the shape of this pattern. This 
includes not only control of the length of inspira- 
tion, expiration and pause, but also of the rate 
of change of all the variables within the time of 
each phase. 

Power supply independent of anaesthetic gases 
so that the machine can be used with air, and 
also with a closed or open anaesthetic circuit. 

Low initial cost with minimum maintenance, 
for use where the services of a skilled technician 
are not available. 


DESCRIPTION OF RESPIRATOR (Fig. 2) 


The respirator consists of a bellows operated by 
a rocker arm which is controlled by one of a 
series of specially designed cams (cf. Clutton- 
Brock, 1957). The power is obtained from a 
variable speed electric motor and the rate of 
respiration is controlled by the motor speed. The 
volume of each is varied by moving the fulcrum 
of the rocker arm and is calibrated in cubic 
centimetres per stroke. When used as a volume 
controlled machine the pressure is indicated on 
a gauge fitted in the outlet from the respirator. 
When used as a fixed pressure machine the 
pressure is controlled by adjusting the re- 
lease valve situated on the outlet to the patient. 
The electric motor provides power for insuffla- 
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THE ADELAIDE RESPIRATOR 
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SLIDING CARRIAGE 


Fic. 2 
The Adelaide respirator: basic design. 


tion and also leads a spring unit which provides 
a subatmospheric phase by tension on the rocker 
arm. All the controls of the machine are situated 
at the front and are within easy access. The power 
unit and the associated mechanism are mounted 
in a sound-insulated box with plastic facing. The 
motor uses oilless bearings and the gearbox is 
filled with oil and does not require attention 
more often than every few years. The moving 
parts of the machine are simple and are situated 
on the platform of the machine beneath a plastic 
cover, and only require occasional oiling. The 
shape of the respiratory pattern is obtained by the 
apposition of the rocker arm to one of the easily 
changed cams, thus producing the required 
pattern. Provision is made for the fitting of cams 
to provide shapes for any special requirements. 
Development work on the value of cam shapes 
is being undertaken, and it is hoped that more 
accurate information about respiratory patterns 
will be obtained. In the course of development, 
certain compromises had to be made to fulfil the 
original requirements. Thus, to enable a low price 
to be maintained, it was decided to fit a direct 
and infinitely variable speed control rather than 
to give a choice of a few preset speeds. This speed 
control operates over a range of 10 to 40 cycles 
per minute and can be varied as required while 
the machine is in operation. 

Positive pressure control is by a release valve 
on the outlet and subatmospheric pressure is 


controlled by variation of spring tension holding 
the rocker to the cam. These controls, which 
operate independently of each other, can regulate 
positive pressure between the limits of 0 to 30 
cm H,O and subatmospheric pressures between 
the limits of 0 to 20 cm H,O. 

While all the parts of the machine are “earthed” 
to avoid the building up of a static charge, the 
electric controls are not “flame proofed” in the 
standard machine. It is therefore not suitable 
for use with explosive gases. 

By means of a three-way tap in the outlet 
circuit, provision is made for the rapid change 
to hand operation of the separate rebreathing bag. 
The removal of the bag and the attachment of 
a nonreturn valve in its place converts the machine 
for the inflation of the lungs with atmospheric 
air, for use in cases of respiratory paralysis of 
long duration. 

CLINICAL USE 

During the last three years, this machine has 
been used in patients varying in age from 5 to 
90 years. Its portability has made it very suit- 
able for use outside the main theatres, as for 
example nursing homes and medical wards, 
where it has been used in cases of respiratory 
insufficiency following cerebrovascular accidents 
and barbiturate poisoning. In one instance the 
machine was in continuous use for a period of 
seven days. 


2 
cle 
PIVOT 
cAM 
BELLOWS 
oe 
4 
= 
~MOTOR = 
bes 
he 
: 
ge 
i 
Wale 
a 


446 


The flexibility of speed and respiratory pattern 
afforded by this machine, coupled with the 
advantage of the availability of a subatmospheric 
phase in respiration, has seemed to extend to 
the scope of surgery in many bad risk patients, 
and transformed the anaesthetic period from a 
time of hazard into one of physiological control. 


RESEARCH AND DEVELOPMENT 


Early in development, considerable difficulty was 
found in selecting suitable shapes for the res- 
piratory pattern. Accordingly, various shapes 
were produced and tested. Oscillography during 
actual operation and other tests were carried out 
before the present three standard cams were 
selected. It was found that, although the time 
relations of the cycle were controlled by the cam 
shapes, the base line or mean intrathoracic pres- 
sures were largely independent of the respiratory 
pattern. The base line pressure was controlled 
by the balance between the new gases entering 
the system and the consumption of gases by the 
patient. By variation of this balance the proportion 
of the respiratory cycle which is at subatmospheric 
pressure can be controlled without alteration of 
time relations of the pattern. 

The three standard cams provided are as 
follows : 

(1) For routine use a cam is supplied with one 
third each of inspiration, expiration and pause, 
having moderately rapid changes of pressure. 
This cam is suitable for the majority of cases. 
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(2) The maximum subatmospheric pressure 
type of cam which is designed to achieve a low 
mean intrathoracic pressure, has a prolonged 
pause with a rapid rise and fall of intrathoracic 
pressure, and a low pressure for most of the cycle. 
This cam has been used wth considerable advan- 
tage in many old patients in whom the already 
poor venous return is made worse by intermittent 
pressure respiration even when delivered by 
cam 1. 

(3) Cam 3 is provided for use in those patients, 
as for example those who are emphysematous, 
where the sudden changes of pressure associated 
with the use of cam 2 reduce the efficient defla- 
tion of the lungs (trapping). It also has the 
advantages that during upper abdominal surgery 
the diaphragm is moved less violently and that 
full ventilation may be obtained with the dia- 
phragm relatively higher, provided that the 
circuit is balanced with a good negative phase. 


SUMMARY 
A respirator affording a positive and negative 
phase control, and a variable respiratory pattern 
is described, with notes on its functional require- 
ments and a brief note of some of the experience 
gained by its use. 
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CORRESPONDENCE 


THE PH OF AUTOCLAVED SOLUTIONS OF 
CINCHOCAINE 


Sir,—I think the following facts may be of inter- 
est to your readers. 

Since it is the usual practice nowadays to auto- 
clave spinal solutions with the spinal sets, the 
following effect on the pH of heavy cinchocaine 
(Nupercaine) is illuminating, and, since low 
spinal combined with light general anaesthesia is 
the technique preferred in this hospital for pros- 
tatectomies, which average about 60 a year, this 
effect has a practical importance. 

It was observed recently that one of the am- 
poules of heavy cinchocaine had turned brown. 
Naturally this was discarded and sent to the labora- 
tory for pH estimation. The pH was 3.5. The fol- 
lowing tests were then carried out: two ampoules 
of fresh and two of autoclaved heavy cinchocaine 
gave the following results from pH estimations: 
fresh 4.05 autoclaved 3.91. Now Martindale 
(1958) states: “Solutions of pH 4.5 to 6 may be 
sterilized by heating in an autoclave at 120°C 
273.6°F) for 20 minutes. Below pH 4.5 hydro- 
lysis occurs much more rapidly and above pH 6.0 
the base may be precipitated. Repeated autoclaving 
does not cause deterioration provided that the 
total time of heating at 115°C (264.6°F) does not 
exceed 2 hours.” In view of the pH of the fresh 
solutions the test was repeated and gave these 
results: fresh pH 4.1, autoclaved pH 3.95. One 
ampoule was then autoclaved three times and 
gave a pH reading of 3.75 and was a slightly 
brownish tinge. The pH determinations were 
made on an EIL model 23a direct reading pH 
meter, using standard buffer solutions as controls. 
The autoclaving was carried out at the same 
temperature, etc., which were necessary for auto- 
claving the spinal sets, namely at 259°F, 
pressure 20 lb., time 20 minutes. Owing to some 
integral fault in the system, however, the pres- 
sure sometimes rises to 25 or even 30 lb. It is 
not always possible to realize and control this 
from the theatres. 

Since the sterilizing unit is identical with many 
others supplied to new theatre units such as ours, 


it is possible similar conditions may be found 
elsewhere. 

There have been no clinical signs of injury 
to the spinal cord in the three years that the unit 
has been operating, but it is possible that there 
might have been, had one of the brownish 
ampoules passed unnoticed. 

E. S. Pore, 
Crewe and District Memorial Hospital 
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AN ANAESTHETIC HAZARD 


Sir,—Only the day after reading Dr. Masson’s 
letter in the July issue of the British Fournal of 
Anaesthesia, I had similar trouble with a catheter 
mount here. On examination of about a dozen 
catheter mounts in this hospital I found one other 
in danger of doing the same thing, but all the 
others appeared to be of a different construction, 
being made of nonlaminated rubber. Neither of 
the laminated ones was of the non-kinkable type. 
H., Beves 
Kingston Hospital 


CARDIOVASCULAR DEPRESSION BY HALOTHANE 


Sir,—This case of cardiovascular depression by 
halothane may be of some interest as presenting 


a few points for consideration. 

The patient was a well-built teenage girl who dived 
in at the shallow end, fractured the Sth cervical 
vertebra, suffered quadriplegia and required artificial 
respiration. 

When first seen by me she was fully conscious with 
harness traction applied to the head. A zone of hyper- 
aesthesia at the shoulders demarcated the normal from 
the senseless and paralyzed. She felt slightly sick. The 
diaphragm was working well, but there was inter- 
costal paralysis with an inevitable degree of para- 
doxical respiration. 

It was decided to put her to bed on the harness 
traction and she was sedated with intravenous chlor- 
promazine 12.5 se and pethidine 25 mg. At this 
dosage she fell asleep, though manipulation of the 
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neck still aroused her. She remained pink and showed 
no signs of carbon dioxide retention, Her pulse re- 
mained slow. 

Two hours later it was decided to change the treat- 
ment and to manipulate the neck and apply traction 
by cranial stirrup. General anaesthesia being required, 
atropine 0.65 mg was prescribed. 

On arrival in theatre the pulse rate was still between 
50 and 60/min. Induction of anaesthesia was by oxygen, 
nitrous oxide and halothane in a _ non-rebreathing 
humidified circuit, followed by suxamethonium 
intravenously in small doses up to 10 mg and then a 
further 40 mg by which means fasciculations were 
reduced below the threshold of observability. A 
cuffed No. 9 endotracheal tube was easily passed 
and the cuff inflated. The lungs were ventilated 
and the halothane was turned down from = 3.5 
per cent to 2 per cent and then to 1.5 per cent. LP.P.R. 
was continued, with a finger on the pulse, which 
remained slow but was observed to be fading. A 
blood pressure reading showed the systolic pressure 
to be 75 mm Hg, so that halothane was discontinued 
and the lungs inflated with oxygen for a few breaths. 
The pulse steadily improved in strength and when 
spontaneous respiration began a few minutes later, 
the halothane was resumed at | per cent, Once again 
the pulse, still unchanged in rate, began to fade. 

After this. halothane was stopped and the patient 
was artificially respired with the aid of intermittent 
suxamethonium 5-10 mg using nitrous oxide and 
oxygen only, The operation lasted about one hour 
and the pulse remained satisfactory for the remainder 
of this time. No further halothane was administered. 

An odd phenomenon was that the last dose of 
suxamethonium (10 mg, bringing the total up to 80 
mg) caused movement all over, paralyzed limbs in- 
cluded, though it seemed more like a tonic move- 
ment than fasciculation, being observed only out of 
the corner of the eye. Before this. no visible move- 
ment had occurred. Although spontaneous respira- 
tion was resumed at the end of the operation—using 
the diaphragm alone she was clearing 8 1./min—the 
suxamethonium seemed to give quite considerable 
periods of control before another dose was necessary. 
This was attributable perhaps to the chlorpromazine. 

It seems possible that the persistent bradycardia 
was due to unopposed vagal tone, the sympathetic 
ganglia being cut off from the hypothalamus by the 
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cord injury. Next day the ganglia seemed to be re- 
covering but when she was slightly shifted in bed 
the pulse rate, which had been mounting, suddenly 
dropped to 60/min again, as though further move- 
ment at the site of fracture had once more inhibited 
the ganglia by affecting the central pathways. The 
usual effect of chlorpromazine in raising the pulse rate 
seems to have been obscured. It is not possible to 
assess what part was played by the hypoxia, which 
presumably followed her immersion, while paralyzed, 
though there were no obvious residual effects. 

The dose of atropine described can have done 
nothing but depress the vagal tone and, assuming 
the detachment of the sympathetic, to some extent 
reveal the pace of the isolated heart. Halothane 
in these circumstances did not slow the heart any 
more but merely lowered the peripheral resist- 
ance; the heart being then incapable of compensating, 
the blood pressure gradually faded. It is inter- 
esting to see how quickly the healthy myocardium 
responded to the slight lowering of halothane tension. 
Six breaths of oxygen can have done little more than 
wash out the circuit, which consisted of 6 feet of 
elephant trunk tubing and a reservoir bag, total 
capacity approximately 24 litres, with an Etheridge 
non-rebreathing valve (Etheridge, 1958). 

Had | known | was to have to give a general 
anaesthetic within two hours [| might have decided 
against using chlorpromazine. A small dose seemed 
at the time justified for its anti-emetic properties: 
vomiting with a broken neck struck one as even more 
hazardous. How much it contributed to safety during 
induction one cannot be certain; at least the patient 
only retched a little and nothing was regurgitated. 
In the circumstances it was reasonable not to pass 
a stomach tube but to rely on posture and suction. 
Of interaction between chlorpromazine and halothane 
| have no previous experience. In the event halothane 
proved dangerous, and it was necesary to fall back on 
suxamethonium to preserve control, 

P. H. Beves 


Kingston Hospital, Surrey. 
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trophenium 


REGD. phenactropinium chloride 


an agent for the production of controlled hypotension during 
general anaesthesia, providing ganglion blockade without direct 
vasodilator action. This original product of the Duncan Flockhart 
Research Laboratories is now available in the new, more conven- 
ient, pack of 20 ml. (1,000 mg.) in a box of 6 injection-type vials. 


“The use of a homatropinium derivative to produce controlled 
hypotension” Brit. J. Anaesth, 29, 342, 


Reterences : 


“Comparison of two hypotensive agents” Anaesthesia, 14, 53. 


‘The use of Fluothane and Trophenium in anaesthesia for the 
surgery of deafness” Scot. med. J., 3, 496. 
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